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This  report  covers  the  design,  analysis,  manufacturing  and 
testing  done  during  Phase  II,  Detail  Design,  of  the  Advanced 
Metallic  Air  Vehicle  Structure  (AMAVS)  program.  The  objectives 
of  Phase  II  were  to  complete  the  detail  design  work  for  two 
configurations  of  a  wing  carrythrough  structure  for  a  movable¬ 
wing  aircraft,  to  complete  materials  and  component  testing  in 
support  of  the  two  configurations,  to  select  one  of  the 
configurations  for  manufacture  in  Phase  III  and  to  continue 
design  and  manufacture  of  a  fixture  for  full-scale  testing  of 
the  carrythrough  structure. 

Additional  trade  studies  and  design  optimization  studies 
were  conducted  in  the  early  part  of  Phase  II  for  the  two 
configurations  selected  in  Phase  lb :  Fail  Safe  Integral  Lug 
(FSIL)  and  "No-Box"  Box  (NBB) .  An  updated  baseline  data 
package  was  received  during  Phase  II  and  the  configurations 
were  revised  to  meet  the  modified  baseline  requirements. 

Material  testing  and  component  testing  were  completed. 

Beta  annealed  6A1-4V  and  Beta  C  titanium  and  lONi  steel  (HY180) 
were  used  in  these  tests. 

Some  detail  design  work  remains  on  the  full-scale  test 
fixture  but  manufacturing  has  started.  Manufacture  of  the 
simulated  fuselage  structure  has  also  begun. 

The  NBB  configuration  which  utilizes  the  outstanding 
fracture  toughness  and  good  crack  growth  characteristics  of 
lONi  steel  has  been  selected  for  manufacture  in  Phase  III. 
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SECTION  1 


INTRODUCTION 


This  report  summarizes  the  design,  analysis  and  test 
activities  of  Phase  II,  Detail' Design,  for  the  Advanced  Metallic 
Air  Vehicle  Structure  (AMAVS)  Program.  The  work  done  in  the  first 
portion  of  Phase  II  is  presented  in  the  Second  Interim  Technical 
Report,  AFFDL-TR-73-77 .  Data  presented  in  the  Second  Interim 
Report  will  not  be  repeated  in  this  report  unless  it  is  required 
for  a  clear  presentation  of  subsequent  data.  This  work  was  per¬ 
formed  under  contract  t.o  the  AFFDL  by  the  Convair  Aerospace 
Division  of  General  Dynamics  at  Fort  Worth,  Texas. 

The  two  configurations  chosen  for  detail  design  were  refined 
through  additional  trade  studies  and  further  study.  The  two 
configurations  are  designated  as: 

o  Fail  Safe  Integral  Lug  (FSIL) 

o  "No-Box"  Box  (NBB) 

Updated  baseline  data  was  received  during  the  course  of 
Phase  II  and  both  wing  carry  through  structure  configurations 
and  the  test  fixture  requirements  were  revised  in  accordance  with 
the  new  data.  Revised  loads  and  interface  geometry  requirements 
were  based  on  the  elimination  of  the  wing  intrusion,  new  load 
conditions,  revised  gross  weight  and  revised  fairing  support 
requirements.  The  design  and  analysis  of  both  configurations 
were  completed  using  updated  data. 

The  Development  Test  Program  consisting  of  Material  Testing, 
Component  Testing,  NDI  Development  and  Manufacturing  Development 
was  completed.  Two  of  the  three  new  materials  were  retained  in 
the  final  configurations.  These  materials  are  beta  annealed 
6A1-4V  titanium  and  10  Ni  steel  (HY  180) .  Beta  C  titanium  was 
dropped  from  both  configurations. 

Critical  features  of  both  configurations  were  evaluated  in 
the  Group  II  component  tests.  Additional  problems  were  identified 
and  solved  in  the  brazing  development  program.  Manufacturing 
capabilities  were  demonstrated  for  both  configurations. 

The  design  and  manufacture  of  the  full  scale  test  fixture 
were  continued.  Manufacture  of  the  simulated  fuselage  was 
started.  Orders  were  placed  for  long-lead  time  materials  needed 
for  Phase  III. 
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SECTION  2 


TECHNICAL  DISCIPLINES  PROGRESS 

2.1  STRUCTURAL  DESIGN 

The  two  wing  carry through  structure  configurations  selected 
for  detail  design  during  Phase  II  are  described  in  this  section 
and  are  identified  as  follows: 

"No-Box11  Box  (NBB) 

This  configuration  utilizes  the  superior  fracture  resist¬ 
ance  and  weldability  characteristics  of  10  Nickel  steel  to 
achieve  damage  tolerance  and  fabrication  reliability. 

Fail-Safe  Integral  Lug  (FSIL) 

This  configuration  is  characterized  by  brazing  of  titanium 
plates  into  a  symmetrical  three-element  lower  plate  with  integral 
pivot  lugs. 

Both  configurations  achieved  the  program  objectives  with 
respect  to  weight,  cost  and  structural  integrity. 

2.1.1  "No-Box"  Box 

The  objectives  of  the  original  "No-Box"  Box  configuration 
was  to  achieve  a  cost  and  weight  efficient  structure  by  use  of 
the  following  major  design  approaches: 

1.  Direct  and  distinct  load  carrying  member  arrangement 

2.  Safe  life  concept 

3.  Minimal  redundant  internal  structure 

4.  Simplified  assembly  and  detail  construction 

5.  Reduced  number  of  fasteners. 

This  objective  was  pursued  throughout  Phase  I  and  established 
the  basic  configuration.  The  pivot  lugs  were  designed  to  direct 
the  major  portion  of  the  load  to  the  forward  and  aft  bulkhead 
cap  members.  10  Nickel  steel  (HY  180)  was  selected  as  the 
principal  structural  material  for  its  excellent  toughness.  The 
weight  penalty  due  to  the  marginal  strength/density  ratio  of 
the  10  Nickel  steel  had  to  be  overcome  by  the  design  concepts. 
Internal  structure  was  limited  to  that  needed  to  react  loads  at 
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direction  changes  in  the  upper  cover,  the  centerline  fuel  tank 
divider  rib  and  structure  for  local  interface  load  reactions. 


Machining  time  was  minimized  by  using  weldments  to  reduce  the 
volume  of  metal  removed  and  contour  machining  was  confined  to 
local  areas  of  the  bulkhead  upper  caps .  The  contour  portion 
of  the  upper  cover  was  confined  to  a  single  aluminum  bonded 
panel.  The  reduced  internal  structure  and  direct  load  paths 
minimized  the  number  of  fasteners  required. 

The  Phase  II  design  effort  was  concentrated  on  improving 
the  implementation  of  these  design  objectives.  However,  certain 
compromises  were  required  due  to  baseline  load  changes  imposed 
midway  through  this  phase.  These  will  be  discussed  in  detail 
in  the  following  paragraphs. 


2. 1.1.1  Lower  Plate  Assembly 


The  original  version  of  this  configuration  did  not  include 
a  lower  plate  at  ZpO.  The  lugs  were  attached  to  the  outboard 
caps  of  the  forward  and  aft  bulkheads.  Shear  and  fuel  pressure 
loads  were  carried  by  the  lower  contour  panels.  Late  in  Phase 
I,  concern  about  relative  deflections  of  the  lug  and  lower 
panels  resulted  in  a  study  to  incorporate  a  full  plate  at  ZF0. 
Landing  gear  interface  requirements  also  made  this  desirable. 
The  highly  loaded  lug  splice  requirements  were  also  of  some 
concern.  These  considerations  finally  evolved  into  the  con¬ 
figuration  shown  on  Dwg.  No.  X7224170,  Figure  2-1. 


The  lower  plate  assembly  consists  of  a  single  10  Nickel  steel 
plate  from  pivot  lug  to  pivot  lug.  A  cut-out  in  the  center 
leaves  only  rails  inboard  of  the  Xp84  rib.  The  area  between 
the  Xp84  and  the  closure  rib  is  pocketed  on  the  under  side.  The 
outboard  aft  longeron  attachment  provisions  are  machined  in 
the  basic  plate.  Three  beta  processed  6A1-4V  titanium  bonded 
sandwich  panels  are  installed  between  Xj-  84  and  Xj-84.  These 
panels  react  shear,  fuel  pressure  and  the  axial  load  not  carried 
by  the  10  Nickel  steel  rails.  A  machined  aluminum  (7050)  beam 
is  bolted  to  the  under  side  of  the  steel  plate  at  Xp95  to  pro¬ 
vide  compression  stability  fur  negative  loads.  Machined  10 
Nickel  steel  reinforcing  plates  are  installed  on  the  pivot  lugs 
to  provide  additional  reaction  for  pivot  pin  loads  and  meet  the 
baseline  lug  thickness  requirements.  All  fasteners  through  the 
10  Nickel  steel  element  are  Hll  steel  Taper-loks. 
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2. 1.1. 2  Yr  932  Bulkhead 

The  forward  bulkhead  (Yp  932)  Dwg.  No.  X7224080,  Figure  2-2, 
consists  of  six  major  elements.  The  L/R  outboard  sections  are 
integrally  machined  from  weldments  of  10  Nickel  steel  plate  and 
bar.  The  lower  flange  of  the  weldment  extends  inboard  to  the 
centerline.  The  upper  flange  extends  inboard  to  Xp32.  A 
machined  10  Nickel  steel  Tee  section  is  mechanically  spliced  at 
these  points  to  complete  the  upper  flange.  The  lower  flanges 
are  spliced  with  a  short  10  Nickel  steel  angle.  The  lower  flange 
is  attached  to  the  lower  plate  with  taper-loks  which  also  pick 
up  the  lower  fairing  support  angles .  The  intermediate  bulkhead 
web  area  is  a  beta  processed  6A1-4V  titanium  sandwich  extending 
from  approximately  Xp84  to  Xp39.  This  area  is  primarily  designed 
to  react  shear  &  fuel  pressure  loads  and  local  axial  loads  near 
the  top  and  bottom  edges.  Locally  high  shear  loads  are  also 
introduced  by  the  forward  end  of  the  MLG  drag  load  fitting.  This 
panel  was  originally  proposed  to  be  an  aluminum  bonded  sand¬ 
wich.  However,  the  local  high  load  introduction  areas  required 
excessive  thicknesses  resulting  in  inefficient  splice  arrangements. 

The  inboard  web  area  from  Xf39  to  Xp39  is  a  2024  aluminum 
alloy  bonded  panel.  The  fuel  pressure  loading  over  the  large 
flat  panel  makes  this  arrangement  efficient. 


2. 1.1. 3  Yf  992  Bulkhead 

The  configuration  of  this  bulkhead  is  essentially  the  same 
as  the  Yp  932  bulkhead.  The  outboard  webs,  lower  flange  and 
upper  cap  is  10  Nickel  steel.  The  main  difference  is  that  the 
bolted-on  web  is  a  one-piece  beta  processed  6A1-4V  titanium 
bonded  panel.  Aluminum  alloy  was  also  originally  considered 
for  this  panel.  However,  increased  loads  imposed  during  this 
phase  made  the  titanium  more  efficient.  An  additional  con¬ 
sideration  in  the  selection  of  titanium  was  the  more  severe 
fatigue  spectrum  in  the  lower  aft  center  area  which  would  limit 
the  allowable  operating  stress  in  the  aluminum  and  thus  penalize 
the  steel  lower  plate  rails. 

The  general  configuration  of  the  bulkhead  was  established 
by  the  interface  requirements:  i.e.,  Xp  119  and  Xp  103  shear  web 
attachments,  the  entrance  access  provisions  and  the  MLG  trunnions, 
actuator  bracket  and  side  load  fitting  provisions.  The  bulkhead 
(Dwg.  No.  X7224060)  is  shown  in  Figure  2-3. 
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2 . 1 . 1 . 4  Upper  Cover  and  Pivot  Lugs 


The  upper  cover,  Drawing  X7224010,  Figure  2-4,  is  segmented 
into  five  components  as  it  generally  follows  the  air  vehicle 
upper  contour.  The  pivot  lug  and  section  outboard  of  Xp84  are 
iiitegrally  machined  from  a  10  Nickel  steel  plate  that  has  been 
formed  to  accomodate  the  directional  change  required  at  the 
closure  rib.  This  component  transfers  the  majority  of  the  axial 
load  into  the  bulkhead  caps  by  means  of  a  single-shear  bolted 
splice.  The  remaining  axial  load  is  transferred  into  aluminum 
sandwich  panels  which  form  the  upper  cover  inboard  of  Xp84. 

These  panels  also  react  shear  and  fuel  pressure  loads.  The 
left  and  right  hand  panels  between  Xp39  and  Xp84  are  contoured 
and  partially  form  the  external  fuselage  boundary.  The 
outboard  edge  of  these  panels  breaks  below  contour  and  forms 
an  attach  area  for  an  aerodynamic  fairing  at  the  fuselage  contour 
that  extends  outboard  to  approximately  Xp  123.  The  panel  inboard 
of  Xp39  is  not  contoured,  but  functions  as  the  lower  surface 
of  the  routing  tunnel. 

2. 1.1. 5  Centerline  Rib 

The  centerline  rib  (Figure  2-5,  Drawing  X7224110)  is  an 
aluminum  sandwich  panel  which  divides  the  left  and  right  hand 
fuel  tanks  and  distributes  the  loads  introduced  by  the  interface 
structure.  This  panel  utilizes  slug  type  edge  members  with 
integral  attaching  flanges  at  Yp  932  and  Yp  992  bulkheads. 

Separate  bolt-on  attach  angles  are  required  at  the  upper  and 
lower  plates.  Reinforcing  beams  are  required  to  react  and 
distribute  the  local  concentration  of  loads  introduced  by  the 
weapons  launcher  and  the  MLG  side  load  fitting.  These  beams, 
two  per  side,  are  machined  from  7050  Aluminum  and  are  located  at 
approximately  Zf26  and  Zp44. 

2. 1.1. 6  Inboard  Intermediate  Rib 

The  inboard  rib  at  Xp39  (Figure  2-6,  Drawing  X7224120)  is 
an  aluminum  sandwich  panel  with  bolt-on  aluminum  tee  flanges 
for  attaching  and  splicing  the  upper  and  lower  covers  and  the 
bulkhead  webs  at  Yp  932  and  992.  This  rib  distributes  the  loads 
resulting  from  the  directional  change  in  the  upper  cover  and 
loads  introduced  by  the  MLG  drag  fitting  back-up  beam  located 
at  Yp  947.  An  access  opening  is  provided  in  the  middle  of  the 
panel  to  allow  entry  to  the  outboard  section  of  the  box 
structure  during  fabrication,  service  maintenance,  and  inspection. 
Fuel  flow  and  venting  are  also  adequately  provided. 
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2. 1.1. 7  Outboard  Intermediate  Rib 

The  outboard  rib  at  Xp84  (Figure  2-7,  Drawing  X7224130) 
is  integrally  machined  from  7050  aluminum  plate.  This  monolithic 
type  construction  was  selected  to  efficiently  distribute  the 
torsional  shear  loads  introduced  by  the  pivot  lugs,  and  to 
distribute  the  high  concentrated  reaction  loads  from  the  wing 
sweep  actuator  inboard  attach  bracket.  This  rib  also  supports 
the  inboard  end  of  the  pivot  lugs  and  splices  them  to  the  upper 
and  lower  cover  sandwich  panels.  The  kicV.  load  due  to  the 
directional  change  of  the  upper  cover  is  also  reacted  by  this 
rib.  The  outboard  end  of  the  Yp  94*  beam  is  also  supported  by 
this  rib.  Provisions  are  made  for  access  to  the  outboard  area 
and  for  fuel  flow  and  venting. 


2. 1.1.8  Outboard  Closure  Rib 

The  outboard  closure  lib  (Figure  2-8,  Drawing  X7224030) 
has  been  redesigned  from  an  integrally  machined  10  Nickel 
steel  weldment  into  a  beta  annealed  6AL-4V  titanium  web  rein¬ 
forced  with  aluminum  stiffeners  and  attached  by  titanium  angle 
sections.  Separate  bolt-on  titanium  fittings  are  utilized  to 
react  and  distribute  the  high  concentrated  load  introduced  by 
the  wing  sweep  actuator  bracket.  The  closure  rib  is  designed 
to  resist  the  torsional  shear  loads  introduced  by  the  pivot  lugs 
and  to  distribute  the  wing  sweep  actuator  bracket  kick  loads. 
Although  10  Nickel  steel  was  originally  selected  due  to  its 
superior  fracture  toughness,  the  beta  annealed  titanium  pro¬ 
vides  sufficient  safe  crack  growth  capabilities  at  lower  weight 
and  reduced  cost.  f 

/ 

2.1.2  Fail-Safe  Integral  Lug  Configuration 

y 

The  fail-safe  removable  lug  configuration  of  Phs/se  lb 
has  been  renamed  to  reflect  the  integral  lug  concept  now 
employed  for  the  lower  plate.  The  objective  of, this  configuration 
was  to  achieve  a  reliable  fail-safe  design  with  a  minimum  quantity 
of  fasteners  piercing  the  critical  lower  plate.  In  addition  to 
minimizing  fasteners,  brazing  functions  as  a  crack  arrestor 
to  effectively  increase  the  number  of  elements  for  additional 
fail-safe  capability. 

Other  design  changes  incorporated  during  Phase  II,  in 
addition  to  the  integral  pivot  lug,  include  the  following: 
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o  symmetrically  brazed  three-element  lower  place 

o  reconfigured  internal  bulkheads 

o  material  substitution  and  fabrication  revision  to  the 
highly  loaded  shear  webs . 

These  changes  along  with  a  complete  description  of  each  major 
component  are  discussed  in  the  following  paragraphs. 

2 . 1 . 2 . 1  Lower  Plate  Assembly 

The  lower  plate  assembly  (Figure  2-9,  Drawing  X7223730) 
consists  of  two  symmetrically  brazed  Titanium  sub-asssemblies 
with  integral  pivot  lugs,  lug  reinforcing  hubs ,  forward  and  aft 
bulkhead  attach  angles,  outboard  longeron  splice  fittings, 
stabilizing  beam  at  Xp99,  and  centerline  splice  plates.  These 
components  are  mechanically  assembled  using  taper-lok  fasteners 
i_r  a  minimal  stress  concentration  intensity.  The  integral  lug 
concept  improves  fabrication  by  eliminating  the  separate  brazed 
assembly  for  the  pivot  lug  and  eliminates  the  critical  fit  between 
the  lug  and  plate.  The  integral  lug  is  also  a  more  weight 
efficient  configuration  and  improves  structural  reliability  by 
deleting  the  dependence  on  mechanical  fasteners  for  transferring 
the  critical  lug  loads  into  the  box  structure.  The  symmetrically 
brazed  concept  permits  the  assembly  to  be  used  as  either  a  left 
or  right  hand  part,  but  requires  separate  bolt-on  bulkhead  attach¬ 
ment  angles.  Eccentric  loading  of  the  brazed  joints  is  also 
minimized  by  the  symmetrical  design. 

The  brazed  plate  assembly  shown  in  Figure  2-10  (Drawing 
X7223731)  is  constant  thickness  consisting  of  three  lamina 
of  beta-annealed  6AL-4V  titanium  which  extend  to  include  the 
pivot  lug.  The  one-piece  center  lamina  is  a  solid  thin  plate 
whereas  the  one-piece  upper  and  lower  elements  are  profiled 
into  five  crack  stopper  bars,  inboard  of  the  lug  region.  The 
plate  assembly,  as  brazed,  is  symmetrical  about  its  horizontal 
centerline.  Local  machining  will  be  required  after  brazing  to 
obtain  identity  as  either  a  left  or  right  hand  part. 

The  aft  longeron  splice  fitting  consists  of  two  elements 
of  beta  annealed  6A1-4V  titanium,  attached  with  fasteners  to 
the  brazed  assembly.  The  upper  element  extends  the  full  width 
of  the  plate  and  incorporates  the  vertical  flange  for  attaching 
the  closure  rib.  The  lower  element  terminates  after  transferring 
the  longeron  load  into  the  lower  plate.  This  splice  provides 
extra  thickness  to  accommodate  the  baseline  longeron  interface 
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requirement,  and  it  reduces  the  material  width  required  in  the 
lower  plate  from  84  inches  to  73  inches. 

The  forward  longeron  splice  fitting  is  integrally  machined 
from  7050  aluminum  plate  and  is  mechanically  fastened  to  the 
lower  surface  of  the  brazed  lower  plate.  The  fitting  extends 
the  full  width  of  the  lower  plate  and  includes  a  vertical 
flange  for  attaching  the  support  structure  for  the  lower 
contoured  fairing. 

Separate  bolt-on  lug  reinforcements  are  required  to 
supplement  the  strength  capability  of  the  brazed  assembly,  and 
to  maintain  baseline  bearing  thickness  at  the  pivot  hole.  The 
attaching  taper-lok  bolts  are  located  in  relatively  low  stressed 
areas  and  provide  a  positive  control  against  element  delaminations. 

The  reinforcement  beams  attached  to  the  external  surface 
of  the  lower  plate  at  Xj.99  are  required  for  compression  sta¬ 
bility  during  negative  loading  conditions  and  extend  to  contour 
for  support  of  the  lower  fairing.  The  beams  have  been  redesigned 
from  a  built-up  aluminum  section  to  an  integrally  machined  part 
of  7050  aluminum. 


2. 1.2.2  Upper  Plate  Assembly 

The  upper  plate  assembly  (Drawing  X7223720,  Figure  2-11) 
reacts  the  compression  load  introduced  into  the  box  structure  by 
the  pivot  pins.  Since  the  primary  loading  is  compression,  no 
fail-safe  features  are  required.  This  structure  is  critical  in 
compression  stability. 

The  section  outboard  of  Xp84  consists  of  integrally  machined 
details  electron-beam  welded  together  and  a  bolt-on  sandwich  panel. 
The  welded  assembly  includes  the  pivot  lug,  forward  and  aft  partial 
width  plate  elements,  and  an  outboard  plate  rail  in  the  area  of 
the  closure  rib.  Beta  annealed  6A1-4V  titanium  material  was 
selected  for  the  weld  assembly  to  obtain  its  high  fracture  tough¬ 
ness  because  of  the  critical  nature  of  the  pivot  lug  and  integral 
aft  longeron  tab.  Although  compression  is  the  primary  load,  the 
pivot  lug  will  experience  some  local  tensile  stresses,  while  the 
longeron  tab  is  loaded  primarily  in  tension.  The  sandwich  panel 
is  made  of  6Al-4V-2Sn  titanium  for  maximum  strength  and  stiffness. 

The  intermediate  section  (Xp39  to  Xp84)  consists  of  integrally 
machined  forward  and  aft  partial  width  plates  connected  by  a  bolt- 
on  sandwich  panel.  Aluminum  was  selected  for  both  the  plate 
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elements  and  the  sandwich  panel  to  minimize  cost.  The  heavier 
gages  used  for  the  aluminum  structure  also  reduces  the  stiffening 
requirements  to  prevent  buckling.  7050  aluminum  with  its 
superior  strength  and  above  average  fracture  toughness  was  used 
for  the  integrally  machined  plate  elements.  The  sandwich  panel 
is  fabricated  from  2024  aluminum  sheet,  reinforced  with  5052 
aluminum  core. 

The  area  inboard  of  Xp  39  consists  of  a  2024  aluminum  sand¬ 
wich  panel  supported  by  7050  aluminum  rails  at  Yy  932,  Yp,  947, 

Y„  977,  and  Yp  992.  Sandwich  type  construction  is  the  most 
efficient  structure  in  this  region  due  to  the  low  load  density, 
the  compression  stability,  and  the  fuel  pressure  requirements. 

The  intermediate  section  is  mechanically  attached  to  the 
outboard  and  inboard  sections  through  tension  splices  which 
sandwich  the  ribs  at  Xp  39  and  Xp  84.  This  type  splice  was 
employed  to  transfer  the  compressive  loads  through  bearing,  thus 
minimizing  the  fasteners  requirement.  Splices  are  required  at 
these  locations  to  accommodate  the  changes  in  direction  of  the 
upper  surface.  Integral  flanges  are  provided  for  the  attachment 
of  the  bulkheads  and  ribs.  The  upper  plate  has  been  configured 
to  concentrate  the  axial  load  in  the  forward  and  aft  plate  ele¬ 
ments  to  some  extent.  It  is  easier  to  stabilize  this  portion  of 
the  upper  cover  because  of  the  bulkhead  spacing. 

The  intermediate  section  deviates  from  the  baseline  struc¬ 
ture  in  that  it  is  located  below  contour.  This  was  accomplished 
to  eliminate  costs  associated  with  part  fabrication  to  a  con¬ 
toured  surface.  A  separate,  non -structural  fairing  is  required 
to  achieve  fuselage  contour. 


2 . 1 . 2 . 3  YF  932  Bulkhead 

The  forward  bulkhead  at  Yp  932  is  shown  in  Figure  2-12 
(Drawing  X7223750) .  It  reacts  shear  loads  and  fuel  pressures, 
and  distributes  the  inboard-outboard  loads  from  the  wing  sweep 
actuator.  The  bulkhead  also  reacts  the  vertical  kick  loads  from 
the  MLG  drag  fitting.  The  two  web  elements  outboard  of  Xp  39 
consist  of  beta  annealed  6AL-4V  titanium  reinforced  with  5052 
aluminum  core.  The  Phase  lb  design  utilized  laminated  sheets  of 
Beta  "A"  titanium  adhesively  bonded  together.  Test  results,  how¬ 
ever,  indicated  the  crack  growth  characteristics  of  Beta  "C"  sheet 
were  inadequate.  Aluminum  was  considered  for  this  portion  of  the 
bulkhead  web.  However,  the  lower  portion  of  the  webs  receive 
high  tensile  stresses  from  the  lower  plate  and  the  fatigue 
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allowables  for  aluminum  would  not  permit  its  use  in  conjunction 
with  the  titanium  lower  plate. 

The  panel  inboard  of  Yp<  947  experiences  relatively  low  load 
intensity,  permitting  the  use  of  lower  cost  aluminum  construction. 
2024  aluminum  sheet  reinforced  with  5052  core  is  used  for  this 
panel.  This  panel  interfaces  with  the  weapons  bay  wall  and  the 
rotary  launcher  fitting. 


2. 1.2.4  Internal  Bulkheads 

The  internal  bulkheads,  located  at  Yp  947  and  Yp  977,  have 
been  changed  to  "arched"  configurations  as  shown  in  Figures  2-13 
and  2-14  (drawing  X7223760  and  X7223770  respectively).  The  arched 
concept  permits  the  use  of  lower  cost  aluminum  construction  by 
deleting  the  strain  compatibility  requirement  with  the  titanium 
lower  plate.  Fastener  reduction  is  also  accomplished  in  the 
fatigue  critical  lower  plate  by  eliminating  the  attachment  of 
these  bulkheads.  The  internal  beam  and  its  necessary  attachments 
through  the  lower  plate  are  still  required,  however,  at  Yp  947 
to  support  the  MLG  drag  brace  fitting. 


2. 1.2.5  Yf  992  Bulkhead 

The  aft  bulkhead  is  shown  in  Figure  2-15  (Drawing  X7223780) 
and  is  similar  to  the  Yp  932  bulkhead  in  type  of  material  and 
fabrication.  The  only  exception  is  the  panel  inboard  of  Xp39. 
Due  to  the  higher  axial  stresses  near  the  lower  surface  and  the 
loads  introduced  by  the  MLG  side  load  fitting,  titanium  was 
required  for  this  panel.  In  addition  to  the  MLG  side  load 
fitting,  support  is  also  provided  to  the  MLG  trunion  fittings  at 
Xp72  and  Xp95.5,  Access  into  the  box  structure  is  also  provided 
in  this  bulkhead. 


2. 1.2. 6  Outboard  Closure  Rib 

The  outboard  closure  rib  (drawing  X7223820,  Figure  2-16) 
is  a  fracture  critical  part  designed  to  safe  life  requirements. 

The  rib  reacts  torsional  shear  loads  introduced  by  the  pivot  lugs, 
distributes  the  kick  l^ad  from  the  wing  sweep  actuator  attach 
fitting  and  resists  fuel  pressure  loads.  Beta  annealed  6AL-4V 
titanium  is  used  for  the  web  and  bolt-on  fittings  which  distribute 
the  actuator  kick  loads  into  the  web.  The  web  is  reinforced 
with  several  bolt-on  7050  aluminum  stiffeners. 
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2  1.2.7  Outboard  Intermediate  Rib 


The  outboard  intermediate  rib  at  XF84  is  shown  in  the  box 
assembly  drawing,  X7223701,  Figure  2-17.  It  is  designed  to  react 
a  combination  of  torsional  shear  loads,  fuel  slosh  loads,  kick 
loads  due  to  the  directional  change  of  the  upper  plate,  and  the 
wing  sweep  actuator  fitting  load.  This  rib  is  a  four  element 
component  configured  to  provide  adequate  access  into  the  outboard 
portion  of  the  box  and  to  allow  adequate  fuel  flow. 

Aluminum  construction '-satisfies  the  structural  requirements 
of  the  rib  and  provides  the  .minimum  fabrication  and  material;  cost . - 
The  upper  and  lower  center  beams  and  the  forward  panel  are 
integrally  machined  from  7050  plate.  The  aft  panel  is  a  sandwich 
panel  consisting  of  a  one-piece  7050  aluminum  frame,  2024 
aluminum  face  sheets  and  5052  aluminum  core. 


2. 1.2.8  Inboard  Intermediate  Rib 

The  inboard  intermediate  rib  is  also  shown  on  the  assembly 
drawing  X7223701,  Figure  2-17.  The  rib  is  located  on  the  break 
of  the  upper  cover  (approximately  Xp38)  to  react  the  resulting 
kick  loads.  In  addition,  the  ribs  experiences  fuel  slosh  loads 
and  secondary  shear  loads.  The  internal  bulkheads  terminate 
here,  their  load  being  transferred  into  the  rib  for  redistribution. 
The  rib  is  a  four  element  component  configured  to  provide  adequate 
access  into  the  outer  portion  of  the  box  structure  and  to  allow 
fuel  flow. 

The  forward  and  aft  sections  are  sandwich  panels  with  7050 
aluminum  slug  type  edge  members  and  2024  aluminum  face  sheets. 

The  vertical  attaching  flanges  are  integral  with  the  slug  edge 
members.  The  upper  and  lower  beams  are  integrally  machined  from 
7050  aluminum  plate. 


2. 1.2. 9  Centerline  Rib 

The  centerline  rib  is  also  shown  on  the  assembly  drawing, 
X7223701,  Figure  2-17.  This  rib  divides  the  left  and  right  hand 
fuel  tanks  and*  in  addition  to  this  fuel,  pressure  loading , . reaction 
is  provided  for  the  weapons  launcher  loads  and  kick  loads  from  the 
MLG  side  brace  fitting.  The  rib  consists  of  an  aluminum  sandwich 
panel  with  7050  slug  type  edge  members.  The  forward  and  aft  edge 
members  are  integrally  machined  with  the  attach  flanges  at  Yp932 
and  Yf992.  The  skins  are  2024  aluminum. 
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2.2  STRUCTURAL  ANALYSIS 


A  variety  of  tasks  were  accomplished  by  stress  analysis 

personnel  during  Phase  II.  The  major  accomplishments  are  sum¬ 
marized  in  the  following  list: 

1.  Converted  updated  design  loads  from  the  form  furnished  by 
Rockwell  International  to  a  form  useable  for  Convair  Aerospace 
finite  element  analysis,  including  determination  of  loads 
required  for  static  balance. 

2.  Performed  finite  element  analysis  of  the  various  FSIL  and 
NBB  configurations  to  determine  internal  loads  and  stresses 
for  the  complete  carrythrough  structure. 

3.  Performed  additional  fine  grid  finite  element  analysis  for 
local  areas  to  determine  more  detailed  stress  and  load  dis¬ 
tributions  and/or  critical  buckling  loads. 

4.  Provided  assistance  to  design  personnel  during  final  struc¬ 
tural  member  sizing  to  assure  adequate  static  and  fatigue 
strength. 

5.  Provided  stress  data  for  fatigue  and  fracture  analysis. 

6.  Continued  stiffness  studies. 

7.  Performed  additional  damage  tolerance  analyses  for  FSIL 
using  finite  element  procedures. 

8.  Performed  detailed  stress  analysis  of  parts  shown  on  draw¬ 
ings  being  prepared  for  release  for  manufacture. 

9.  Participated  in  test  planning,  test  part  manufacture,  test¬ 
ing,  and  interpretation  of  resulting  data. 

10.  Performed  finite  element  analysis  of  the  simulated  fuselage 
and  fuselage  test  fixture  to  arrive  at  a  configuration  that 
would  properly  load  the  carrythrough  structure  during  test. 

11.  Furnished  internal  loads  from  model  of  item  10.  to  test  lab 
for  design  of  upper  test  fixture  structure. 

12.  Performed  detailed  stress  analysis  of  simulated  fuselage 
parts  being  released  for  manufacture. 
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13.  Prepared  inputs  for  necessary  status  and  interim  reports 

and  the  May  and  November,  1973  design  reviews. 

In  many  instances,  the  accomplishments  represented  a  contin¬ 
uation  of  tasks  begun  in  Phase  lb.  Because  of  the  large  amount 
of  computer  data  and  manual  stress  analysis  data  generated,  it 
is  not  feasible  to  include  it  in  this  report.  The  current  data 
is  retained  on  file  by  the  contractor  for  review.  In  specific 
instances,  in  response  to  requests  from  AFFDL,  data  tapes  were 
furnished  to  the  interested  parties  through  ADPO  (Advanced  De¬ 
velopment  Program  Office).  Where  necessary  for  clarity  of  pre¬ 
sentation,  examples  of  data  are  included  herein. 


2.2.1  Design  Loads 

As  noted  in  AFFDL-TR-73-40,  Section  2.2.1,  RI  furnished 
loads  data  for  11  basic  design  conditions  and  two  stiffness  con¬ 
ditions.  For  the  initial  portion  of  the  Phase  II  effort,  the 
conditions  described  in  Section  2.2.1  of  AFFDL-TR-73-40  were 
used  and, for  brevity,  they  are  not  repeated  here.  For  the  latter 
portion  of  the  design  effort,  updated  technical  data  was  provided 
which  reflected  deletion  of  the  wing  intrusion,  increased  pitch¬ 
ing  momenta  at  the  pivot  and  other  load  changes,  and  gross 
weight  increase.  For  design  purposes,  the  gross  weight 
increase  was  covered  through  the  stipulation  by  AFFDL  that  all 
flight  loads  be  increased  by  107*  for  analysis  purposes.  The  10% 
increase  was  considered  where  pertinent  in  the  actual  stress  an¬ 
alysis,  but  it  is  not  included  in  the  loads  actually  used  for 
finite  element  model  input  nor  in  loads  summarized  in  this  report. 

The  updated  data  was  received  in  a  period  from  approximately 
8/23/73  to  10/15/73  and  consisted  of  the  following  information: 

1.  Wing  pivot  loads  shown  in  an  excerpt  from  NARSAP  39  station 
Model  data  dated  4/23/73. 

2.  Interface  loads  contained  in  NA-73-510  NARSAP  internal  loads 
document . 

3.  Maximum  gear  actuator  load  obtained  verbally  -  250,000  lbs. 

4.  Main  landing  gear  emergency  hydraulic  actuator  loads  in 
graphical  form. 

5.  Wing  sweep  actuator  vertical  load  and  overwing  fairing  loads 
transmitted  to  Convair  from  ADPO. 
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6.  Preliminary  carrythrough  box  interface  loads  in  the  form  of 
a  Xerox  copy  produced  from  view  graph  presentation  materials. 
Since  these  were  onjy  used  for  interim  studies  prior  to  re¬ 
ceipt  of  NARSAP  data,  they  are  not  reproduced  in  this  report. 

The  final  set  of  loads  used  for  Phase  II  analysis  was  ob¬ 
tained  from  the  following  sources: 

1.  Shear  flows  -  NARSAP  values  from  NA  73-510  ratioed  by 

0  ^ASKA  I/* 3 NARSAP1)  TFD-72-838 


2.  Longeron  loads  -  Based  on  NARSAP  values  from  NA  73-510. 

3.  Wing  pivot  loads  -  From  NARSAP  39  station  model  data 

dated  4/23/73. 

4.  Wing  sweep  actuator  loads  -  Loads  from  TFD-72-835  and 

TFD-72-838,  App.  A,  ratioed  by  Mz  narsap  39  Sta  Data  ,  plus 
values  from  item  5.  above.  HZph  lb 

5.  Weapon  launcher  loads  -  Values  from  TFD-72-838  with 
Appendices  A  and  B  and  TFD-72-835. 

6.  Landing  gear  loads  -  Values  from  TFD-72-838  with  appendices 
for  overall  box  analysis.  These  values  were  chosen  rather 
than  those  presented  in  TFD-72-835  since  the  former  were, 
presumably,  those  found  by  RI  to  be  the  most  critical.  The 
loads  chosen  apparently  Include  no  gear  actuator  loads.  For 
local  areas,  values  from  TFD-72-835  were  used. 

7.  Fuel  pressures  -  Based  on  TFD-72-840  information. 

8.  Aerodynamic  pressures  -  Values  from  TFD-72-835 

9.  Stiffness  condition  loads  -  Values  from  TFD-72-1176. 

10.  Overwing  fairing  loads  -  Values  transmitted  to  Convair  by 
ADPO. 

11.  Main  landing  gear  emergency  hydraulic  actuator  cylinder  loads 
Values  from  RI  plots  assumed  to  act  separately  for  local  de¬ 
sign  only. 
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12.  Main  landing  gear  actuator  loads  -  Value  noted  previously 
taken  as  acting  separately  for  local  design  only. 


The  data  in  TFD-72-835  (weapons  launcher  loads)  and  TFD-72- 
840  are  not  directly  applicable  to  specific  flight  conditions 
because  fuel  and  armament  loadings  for  the  design  conditions  wire 
not  made  available. 


A  summary  of  load  conditions  used  for  overall  box  analysis 
is  shown  in  Table  II-  1.  As  noted,  AS8C  was  used  instead  of 
AS8000  since  insufficient  data  was  available  in  NA-73-510  to 
allow  breaking  the  latter  down  into  symmetric  and  antisymmetric 
portions . 

The  revised  baseline  loads  data  is  shown  in  Section  2. 2. 1.1. 
These  loads  do  not  include  a  10%  increase  in  gross  weight.  The 
internal  loads  represent  the  deletion  of  the  wing  intrusion  and 
other  changes. 

2. 2. 1.1  Baseline  Loads 

1.  Wing  pivot  loads  from  the  NARSAP  39  station  data  are  shown 
in  Table  II-  3. 

2.  Wing  carrythrough  structure  -  fuselage  interface  loads  were 
supplied  in  the  form  of  NARSAP  math  model  internal  loads 
data.  The  required  interface  loads  were  obtained  or  derived 
from  this  data.  The  interface  loads  are  shown  in  Tables  II-  4 
through  II-  7.  The  net  NARSAP  shears  and  moments  are 
summarized  for  reference  in  Table  II-8. 

3.  Wing  sweep  actuator  loads  derived  from  RI  data  are  shown  in 
Table  II-9. 

4.  Landing  gear  loads  are  shown  in  Table  II- 10. 

5.  Weapons  launcher  loads  are  shown  in  Table  II- 11. 

6.  Main  landing  gear  emergency  hydraulic  actuator  cylinder  loads 
are  shown  in  Figure  2-22. 

7.  Wing  sw€!ep  actuator  vertical  load  and  overwing  fairing  loads 
are  shewn  in  Table  11-12. 

8.  The  fuel  pressures  used  in  combination  with  the  flight  con¬ 
ditions  are  shown  in  Figure  2-23. 

9.  The  upper  cover  aerodynamics  pressures  are  as  follows: 
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TABLE  II -2  -  NARSAP  CONDITION  NUMBER  DESCRIPTION 
6  DIGIT  NUMBER  -ABODES 


A.  TYPE  CONDITION 

1.  STEADY  PITCH  6.  ROLL  MANEUVER 

2.  PITCHING  ACCELERATION  7.  LANDING 

3.  VERTICAL  GUST  8.  TAXI 

4.  LATERAL  GUST  9.  NUCLEAR  BLAST 

5 .  YAW  MANEUVER 

B.  WING  POSITION  --/V- 

0.  EXTENDED  OR  UNDEFINED  4.  45° 

1.  15°  5.  55° 

2.  25°  6.  65  -  67.5° 

3.  35° 


C.  ALTITUDE 

0,  SEA  LEVEL  TO  9999*  OR  UNDEFINED 

1.  10000  -  19999'  4.  40000  -  49999' 

2.  20000  -  29999'  5.  50000  -  59999' 

3.  30000  -  39999'  6.  60000'+ 


D.  VELOCITY  -  MACH  NO. 

0.  ZERO  OR  UNDEFINED 

1.  0.01  -  0.69 

2.  0.70  -  0.84 

3.  0.85  -  0.99 


4.  1.00  -  1.49 

5.  1.50  -  1.99 

6.  2.00  -  2.19 

7.  2.20+ 


E.  LOAD  FACTOR  *g* 


0.  ZERO  OR  UNDEFINED 

1 _ 8.  APPROXIMATE  'g'  LEVEL 

9.  NEGATIVE  'g'  LEVEL 


SEQUENCE  NUMBER 


0.  NORMAL 

1. —  9.  IF  THERE  ARE  SIMILAR  CONDITIONS 


-  ULTIMATE  NARSAP  39  STA.  WING  PIVOT 


NOTES ;  1  •  LONGERON 

2.  {A  DUMMY  LONGERON 

3.  -4-  SHEAR  PATH  NODE 

4.  NUMBERS  IN  PARENTHESIS  ARE  NARSAP 
LONGERON  AND  SHEAR  FLOW  DESIGNATIONS; 
ALL  OTHERS  ARE  ASKA  DESIGNATIONS. 

5.  SHEAR  FLOW  DIRECTION  COINCIDES 
WITH  NARSAP  CONVENTION. 


0  IO  20  30  Jo  50  00  70  $0  $0  f  OC  \\0  \ZO 

Xf 


Figure  2-18  NARSAP-ASKA  MATH  MODEL  INTERFACE  LOAD  GEOMETRY  Yp  932 
BULKHEAD 
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932  NARSAP  Shear  Flow  Summary 
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NOTES:  1.  $  LONGERON 

2. -f-  SHEAR  PATH  NODE 

3.  NUMBERS  IN  PARENTHESIS  ARE  NARSAP 
LONGERON  AND  SHEAR  FLOW  DESIGNATIONS* 
ALL  OTHERS  ARE  ASKA  DESIGNATIONS. 

4.  SHEAR  FLOW  DIRECTION  COINCIDES 
WITH  NARSAP  CONVENTION. 


Figure  2-19  NARSAP-ASKA  MATH  MODEL  INTERFACE  LOAD  GEOMETRY  Yt,  992 
BULKHEAD  lF 


992  NARSAP  SHEAR  FLOW  SUMMARY 


922  NARSAP  SHEAR  FLOW  S 


FIGURE  2-21  MAIN  LANDING  GEAR  FITTING  GEOMETRY 


9" 


TABLE  II -11 

ULTIMATE  WEAPONS  LAUNCHER  LOADS 
(HALF  BOX) 


CONDITION 


ASKA  1000S 


X  XY  Z 

LBS  LBS  LBS 


1000A 

2000 

3000 

4000 

5000 

6000 

7000 


9000 

10000 

11000 


-13,462 

-20,193 

0 

-13,462 

-5,040 

-13,427 

-6,731 

0 

-13,462 

-20,193 

-6,731 


OUTB'D 


.iZf  31.50 


5.46 


NOTES: 


1)  Loads  listed  as  applied  to  CTB  -  One  Side  - 

Per  TFD-72-838 

2)  Loads  are  in  "ASKA"  Reference  System  (Ref  Sketch) 

3)  "A"  Designates  anti-symmetric  portion  of 
unsymmetrical  load  condition. 


ASKA  2 
ASKA  3 
ASKA  10 


t 


Yf  lib 


.75  PSI  1.80  PSI 

2.55  2.55 

3.0  4.5 


As  specified  in  TFD-72-835,  room  temperature  was  used  for  all 
design  conditions. 


2. 2. 1.2  Static  Balance 

The  application  to  the  carry through  box  of  all  of  the  design 
loads  supplied  by  RI  does  not  result  in  a  statically  balanced 
structure.  This  fact  was  recognized  by  RI  as  has  been  previously 
discussed  on  page  2-179  of  AFFDL-TR-73-40. 

Small  additional  unbalances  are  present  in  the  Convair  model 
because  of  geometric  differences  such  as  longeron  load  application 
points  at  estimated  longeron  centroids  instead  of  at  the  NARSAP 
longeron  load  locations.  The  balancing  procedure  used  by  Convair 
was  as  follows: 

1.  Symmetrical  conditions  or  symmetrical  portions  of  unsymmetri- 
cal  conditions  -  The  vertical  force  and  pitching  moment  un¬ 
balance  at  Yf  992.  resulting  from  applying  the  design  loads, 
was  determined  utilizing  the  HP9820  calculator.  A  force  equal 
and  opposite  to  one-half  of  the  vertical  unbalance  was  applied 
at  the  launcher  fitting  on  Yp  932  and  to  the  inboard  trunnion 
location  (Xp  72,  Yp  992).  The  net  remaining  pitching  unbal¬ 
ance  was  nullified  by  altering  the  fore  and  aft  components  of 
the  Y y  992  longeron  loads  in  a  manner  similar  to  that  used  by 
RI.  Since  the  fore  and  aft  adjustment  loads  are  small  com¬ 
pared  to  the  fore  and  aft  (Fy)  longeron  loads,  no  attempt  was 
made  to  adjust  the  vertical  and  horizontal  components  of  the 
longeron  load  (Fx,  Fz) . 

Condition  AS6000  produces  a  fore  and  aft  load  unbalance  as 
well  as  a  pitching  unbalance.  Equilibrium  was  achieved  by 
adjusting  the  longeron  loads  at  992  for  both  pitching  moment 
and  longitudinal  force  balance.  The  balance  loads  were  de¬ 
termined  as  follows: 

(a)  The  incremental  longeron  loads  produced  by  Yp  992  AS6000 
moment  were  obtained  by  multiplying  the  longeron  loads 
for  a  pure  moment  conditions  AS  10000  by  the  moment  ratio, 

MAS6000/MAS 10000. 
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(b)  The  incremental  longeron  loads  produced  by  axial  load 
were  obtained  by  subtracting  the  incremental  load  due 
to  moment  obtained  in  (a)  from  the  total  AS6000  lon¬ 
geron  load. 


(c)  Adjusted  moment  longeron  loads  were  obtained  by  multi¬ 
plying  the  values  of  (a)  by  MRE0»D  AS600()/pAS6000* 

(d)  The  incremental  longeron  loads  required  for  fore  and 
aft  force  balance  were  obtained  by  multiplying  the 
values  of  (b)  by  REQ'D  PaS600q/pAS6000‘ 


2. 


(e)  The  results  of  (b) ,  (c) ,  and  (d)  were  added  together 
to  obtain  the  final  longeron  loads  at  992  for  overall 
balance. 

A  final  overall  force  and  moment  summation  including  adjusted 
loads  was  made  with  the  HP9820  to  assure  that  equilibrium 
existed. 

Antisymmetric  conditions  -  Conditions  AS1000A  and  AS8A  are 
the  antisymmetric  portions  which  combine  with  AS1000S  and  AS8S 
to  form  the  two  asymmetrical  design  load  conditions.  For  the 
antisymmetrical  cases,  static  balance  must  be  achieved  in  the 
yaw  (M?) ,  roll  (M  )  and  lateral  (Fx)  directions.  A  simplified 
balancing  procedure  was  developed  which  forced  equilibrium  by 
altering  the  lug  loads.  This  alteration  was  deemed  acceptable 
because  the  incremental  lug  loads  resulting  from  balancing 
AS1000A  and  AS8A  are  insignificant  compared  to  the  critical 
lug  design  conditions.  Yaw  (Mz)  balance  was  achieved  by  add¬ 
ing  couple  loads  at  the  lugs  and  the  centerline  longerons. 

The  yaw  couple  was  created  in  the  Zp  15.0605  plane  and  the 
couple  forces  were  then  beamed  out  to  the  lugs  and  longerons . 
The  lateral  load  unbalance  was  reacted  with  an  equal  and  op¬ 
posite  load  on  the  lugs.  This  load  was  divided  equally  be¬ 
tween  the  upper  and  lower  lugs.  Finally,  roll  unbalance 
(including  the  effects  of  the  lateral  balance  load)  was  nul¬ 
lified  with  a  lateral  couple  load  on  the  lugs. 

A  summary  of  the  final  fuselage  shears  and  moments  and  the 
required  vertical  balance  load  for  each  condition  is  given 
in  Table  11-13,  It  should  be  noted  that  these  values  are 
for  a  total  WCTS  and  combine  the  symmetric  and  antisymmetric 
portion  of  AS1000  and  AS8  to  yield  total  load  conditions. 
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2.2.2  Node  Point  Loads  for  Math  Models 

In  order  to  apply  the  design  loads  to  the  carry through 
structure  math  model,  it  was  necessary  to  convert  the  basic  RI 
loads  data  of  paragraph  2.2.1  to  panel  point  loads.  The  panel 
point  loads  were  developed  initially  for  the  FSIL  model.  For 
use  on  the  NBB  model  they  were  modified  as  necessary  to  match 
the  loading  points  where  commonality  did  not  exist. 

The  first  step  consisted  of  geometry  definition.  The  fol¬ 
lowing  assumptions  were  made  in  the  geometry  selection: 

1.  Longeron  loads  act  at  the  estimated  centroid  of  the  RI  lon¬ 
geron  material  based  on  RI  drawings. 

2.  Shear  flows  act  at  the  intersection  of  the  actual  fuselage 
webs  and  skins  with  the  carrythrough  structure  as  shown  on 
RI  drawings. 

Figures  2-  24  and  2-  25  show  the  basic  Convair  Aerospace 
geometry  used  at  Yp  932  and  Yf  992  for  panel  point  load  compu¬ 
tation. 

The  geometry  shown  in  Figures  2-25  and  2-25  gives  shear 
path  lengths  and  directions  that  are  somewhat  different  from 
the  NARSAP  model.  For  this  reason  and  because  the  updated  shear 
flow  data  was  furnished  in  NARSAP  rather  than  ASKA  form,  the  fol¬ 
lowing  shear  flow  adjustments  were  made: 

1.  NARSAP  shear  flows  shown  in  Tables  II-  5  and  II-  7  which  are 
average  panel  values,  were  corrected  to  ASKA  values  using  the 
ratios  between  NARSAP  and  ASKA  values  found  in  TFD-72-838 
(Section  2.2.1) . 

2.  The  shear  flows  of  item  1.  were  further  adjusted  to  yield 
vertical  force  sums  at  Yp  932  and  Yp  992  that  were  equal 
to  the  corresponding  RI  sums  (pgior  to  static  balance  cor¬ 
rections  discussed  in  2. 2. 1.2). 

These  adjustments  were  accomplished  using  HP9820  procedures. 
The  results  are  summarized  in  Tables  11-14  and  11-15.  The  hori¬ 
zontal  force  sums  at  Yp  932  and  Yp  992  were  approximately  the 
same  as  the  corresponding  RI  sums. 

The  8MAVS  shear  flows  along  with  the  NARSAP  longeron  loads 
from  Tables  II -4  and  II-6  were  then  entered  into  another  HP  9820 
program  which  computes  the  forces  due  to  shear  flows,  distributes 
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FIGURE  2-25  V® 

GEOMETRY  FOR  CAD  PANEL  POINT  LOADS  RESOLUTION 


sow 


TABLE  II  -  15 

AMAVS  YF992  BULKHEAD  SHEAR  FLOW  SUMMARY  Sheet 


these  to  the  node  points,  and  adds  the  X  and  Z  components  of  the 
longeron  loads  to  the  shear  flows  where  applicable. 

Using  the  pivot  loads  from  Table  II- 3  and  sweep  actuator 
loads  from  Table  II- 9  simultaneous  equations  were  written  and 
solved  to  obtain  lug  loads  in  the  place  of  the  lugs  and  shear 
link  load.  The  problem  is  statically  determinate  from  the  six 
force  and  moment  equations  available,  but  the  number  of  equations 
was  reduced  to  five  by  utilizing  the  sweep  actuator  loads  from 
Table  II- 9  as  known  values  rather  than  utilizing  Mz  from  Table 
II- 3  and  formulating  the  problem  with  the  sweep  actuator  load 
as  an  unknown.  A  sketch  of  the  geometry  used  is  shown  in  Fig¬ 
ure  2-26  .  The  results  are  summarized  in  Table  11-16.  The  inplane 
values  were  then  resolved  in  the  math  model  global  coordinate 
system.  A  summary  of  the  resolved  loads  is  shown  in  Table  11-17. 
These  loads  were  then  distributed  over  the  lug  panel  points. 

Only  the  X  and  Y  components  of  the  upper  lug  loads  were  applied 
to  the  math  model  because  the  required  Z  boundary  restraints  of 
TNI  produced  Z  components.  (See  AFFDL-TR-73-40.)  Sweep  actuator 
loads  applied  to  the  actuator  pivot  point  were  beamed  in  a  ration¬ 
al  manner  to  panel  points  on  the  closure  rib  and  on  the  XF  84  rib. 

Link  loads  were  applied  at  a  panel  point  coincident  to  the 
closure  rib  and  the  upper  cover  at  XF  123.06,  Yf  969.5,  Zf  31.985. 

Landing  gear  loads  were  beamed  in  a  rational  manner  to  appro¬ 
priate  panel  points. 

All  of  the  panel  point  loads  for  a  given  condition  were  then 
applied  to  a  freebody  of  the  wing  carrythrougb  structure  and  for¬ 
ces  and  moments  were  summed,  with  the  moment  center  being  Yf  992, 
Zpo*  Utilizing  the  results  of  this  operation  (i.e.,  net  WCTS  un¬ 
balance),  balance  loads  were  calculated  and  applied  as  discussed 
in  Section  2.2. 1.2.  After  integrating  the  balance  loads  into  the 
panel  point  loads,  the  balance  was  rechecked.  A  ret  of  panel 
point  loads  for  a  typical  condition  (AS2000)  are  shown  in  Table 
11-18. 

In  using  procedure  TNI,  forces  cannot  be  applied  to  nodes 
which  have  been  put  in  boundary.  Consequently,  force  components 
in  the  direction  of  boundary  restraints  at  boundary  nodes  were 
not  entered  as  applied  loads  in  the  TNI  input.  The  omitted  values 
are  circled  on  the  AS2000  data  sheets  presetted. 
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TABLE  11-16 


SUMMARY  OF  APPLIED  IN-PLANE  LUG  LOADS  AND  SHEAR  LINK  LOADS 


CONVAIR 

COND. 

A 

pux 

LBS.ULT. 

PUY 

LBS.ULT. 

PLX 

LBS.ULT. 

PLY 

LBS.ULT 

PLINK 

LBS.ULT. 

AS  1000 

67.5° 

-2,114,632 

1,263,002 

2,269,787 

-1,508,652 

58,129 

1000A 

67.5° 

-252,646 

74,596 

309,616 

-158,950 

9883 

AS  2000 

150 

-887,383 

3,373,592 

894,619 

-3,464,658 

36,416 

AS  3000 

67.5° 

-2,317,083 

1,287,388 

2,376,995 

-1,395,188 

47,017 

AS  4000 

15° 

195,488 

-1,022,949 

-242,745 

1,503,300 

14,394 

AS  5000 

15° 

-407,444 

2,909,325 

450,378 

-3,365,895 

30,002 

AS  6000 

15° 

82,890 

-459,645 

-97,002 

311,963 

-8606 

AS  7000 

15° 

146,922 

-650,758 

-146,796 

659,071 

-18,538 

AS  8000 

15° 

73,476 

-325,376 

-73,413 

329,532 

-9269 

8000A 

15° 

0 

0 

0 

0 

0 

AS  9000 

25° 

-1,045,068 

3,185,941 

1,060,580 

-3,260,942 

11,640 

AS  10000 

67.5° 

-2,841,164 

1,585,370 

3,046,589 

-1,902,974 

63,309 

AS  17  000 

67.5° 

-282,831 

458,220 

-202,482 

215,047 

-3675 

POSITIVE  CONVENTION  S HOWN 

LUG  LOADS  ARE  IN  PLANE  OF  LUG 

LOADS  INCLUDE  EFFECT  OF  WING 
SWEEP  ACTUATOR 

SHEAR  LINK  LOADS  SHOWN  ARE 
AS  APPLIED  TO  WCTS;  SKETCH 
INDICATES  COMPRESSIVE  LINK 
LOAD 
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Table  11-18  PANEL  POINT  LOADS,  CONDITION  AS  2000 


LUG  LOADS 


UPPER  LUG  LOADS 


NBB  MODEL 
COND  AS 


DATE 


2000 

90573 


TOTAL  LUG  FX= 

-3362021 
TOTAL  LUG  FY= 

-886780 


NODE  +FX  ACTS  OUTBD 


FY1= 

901  -140111.240 

FY2= 

880  -191544.480 

FY3= 

Fy  881  -223468 

FY4= 

882  -191544.480 
FY5  = 

883  -140111.240 


END  COND  AS 
II  SHEAR  LINK 

F 


LOWER  LUG  LOADS 


NBB  MODEL 
COND  AS 


DATE 


2000 

90573 


TOTAL  LUG  FX= 

3464658 
TOTAL  LUG  FY= 

894619 


NODE  +FX  ACTS  OUTBD 


+FY  ACTS  AFT 

+FY  ACTS  AFT 

FX4= 

FX10= 

882 

-531199.318 

896 

547415.964 

FX5= 

FX11= 

883 

-726196.536 

908 

748366.128 

FX6= 

T“ 

FX12« 

885 

-847229.292  * 

'x  916 

873093.816 

FX7= 

FX1= 

886 

-726196.536 

884 

748366.128 

FX8= 

FX2= 

887 

-531199.318 

907 

547415.964 

874 

875 
Fy  876 

896 
903 


FY7= 

FY8= 

FY9= 

FY10= 

FY11= 


141349.802 

193237.704 

225443.988 

193237.704 

141349.802 


NODE 


751 

753 


x 

-10587 

-10587 


0 

0 


r  z 

14814 

14814 
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TABLE  II  -  18  Cont'd. 
NODE  POINT  LOADS 


COND  2000 
MODEL  N.B.B, 


III  WING  SWEEP  ACTUATOR  FITTING  LOADS 


NODE 

FX 

Fy 

FZ 

737 

-39439 

-20338 

1382 

739 

-41246 

-20690 

1382 

510 

0 

16604 

-54 

513 

0 

16604 

-54 

Xoutb 1 d 


*aft 


ALL  LOADS 
ARE  LBS  ULT. 


NOTES  * 

1.  These  values  for  use  with  TNI  program. 

2  Values  shown  are  loads  fitting  applies  to  CTB. 
3*.  Revised  17  May  73  for  latest  geometry. 


LANDING  GEAR  FITTINGS 

TRUNNIONS  NODE 

606 

OUTBOARD  627 

INBOARD  L.G 


FZ 

0 

0 

0 

-23245 

-23245 

0 
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TABLE  II  -  18  Cont'd 


NODE  POINT  LOADS  COND.  20 

MODEL  N. 


V  ARMAMENT  LOADS . 


NODE 

LOAD 

SOURCE 

*X 

fy 

ARM 

0 

0 

-6731 

BAL. 

0 

0 

-11623 

14 

0 

0 

-18354 

ARM 

0 

0 

-6731 

BAL. 

0 

0 

-11623 

17 

0 

0 

-18354 

ZUp 


ALL  LOADS  LBS  ULT. 
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TABLE  II  -  18  Cont'd. 

992  AFT  BLKHD  NODE  POINT  LOADS  Cont'd 

—  COND.  2000  NBB  (ALL  LDS  ULT . 
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2.2.3  NBB  Stress  Analysis 


The  stress  analysis  of  the  "No-Box  Box"  configuration  dur¬ 
ing  Phase  II  consisted  of  three  primary  areas  of  effort: 

1.  Finite  element  modeling  of  the  complete  carry through  box. 

2.  Finite  element  and  other  computer  based  analysis  for  local 
areas . 

3.  Manual  stress  analysis  conducted  as  a  continuing  part  of  the 
support  of  on-board  design  and  production  drawing  analysis. 

Where  buckling  or  static  strength  considerations  governed 
fastener  or  member  sizes,  a  10%  positive  margin  of  safety. was 
maintained  to  allow  for  the  gross  weight  increase  (Section  2.2.1). 
In  areas  where  fatigue  was  critical,  reduced  allowable  ultimate 
stresses  were  used  (Section  2.3  ).  Material  properties  were 

taken  from  standard  sources  such  as  MIL-HDBK5  and  from  data  gen¬ 
erated  specifically  for  the  less  common  materials  used  for  AMAVS 
design  (Section  2.4  ). 


2 . 2 . 3 . 1  Overall  Box  Analysis 


To  obtain  a  consistent  set  of  internal  loads  and  stresses 
for  the  overall  carry through  box,  finite  element  models  were 
constructed  for  use  with  Convair  Computer  Procedure  TNI  (Ref. 
AFFDL-TR- 73-40,  Par.  2. 2. 2.1).  Membrane  and  bar  elements  were 
used.  The  models  had  approximately  868  nodes  and  1942  elements. 
Because  of  relatively  major  changes  in  the  configuration  and 
load  updating,  several  model  iterations  were  made.  The  current 
conditions  run  with  the  model  available  during  drawing  sign  out 
are  summarized  in  Table  11-19.  An  updated  model  will  be  devel¬ 
oped  when  production  drawings  are  substantially  completed  in 
order  to  verify  or  revise  the  final  design  prior  to  fabrication. 


2. 2. 3. 2  Local  Areas  -  Computer  Analysis 


Local  area  analyses  using  finite  element  procedures  included 
the  following: 


1.  Upper  lug  stability  checks  -  NASTRAN  procedure. 

Includes  upper  lug  and  upper  plate  inboard  to  Xp  84. 


2.  Closure  rib  stability  checks  -  NASTRAN  procedure. 
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NBB  TNI  LOG 

CURRENT  DESIGN  LOAD  CONDITIONS 


3.  Lower  lug  stress  distribution  -  TLO  linear  strain  procedure. 
(See  AFFDL-TR-73-40  Par.  2. 2. 2. 2  for  TLO  description.) 

4.  Lower  aft  outboard  longeron  tab  stress  distribution  -  TLO 
procedure. 

5.  Lower  plate  material  distribution  studies  -  TR4  procedure 
(essentially  same  as  TNI). 

6.  Yp  992  bulkhead  transition  radius  stress  distribution  -  TLO 
procedure. 

7.  Sandwich  panel  load  introduction  studies  -  TNI. 


2. 2. 3. 3  Detailed  Manual  Stress  Analysis 

The  computer  analyses  discussed  in  Sections  2. 2. 4.1  and 
2. 2. 4. 2  were  supplemented  by  conventional  manual  stress  analyses 
in  the  following  general  areas.  Where  feasible,  the  HP  9820 
capability  was  used  to  make  various  standard  solutions.  Internal 
loads  were  denivedt f r om  the  finite  element  models  in  most  cases. 


1.  Determination  of  net  section  stresses. 

2.  Fastener  pattern  checks. 

3.  Computation  of  margins  of  safety. 

4.  Stability  analyses  for  plates,  sandwich  panels,  and  stiffeners. 

5.  Splice  analyses. 

6.  Fitting  analyses. 


2.2.4  Fail  Safe  Integral  Lug 

As  in  the  case  of  the  NBB  configuration,  the  stress 
analysis  of  the  FSIL  configuration  consisted  of  three  primary 
areas  of  effort  (See  2.2.3).  Although  the  NBB  configuration 

was  chosen  for  production,  the  FSIL  was  also  analysed  during 
Phase  II  since  both  configurations  were  carried  well  into  the 
final  design  stage  before  configuration  selection. 
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2 . 2 . 4 . 1  Overall  Box  Analysis 

Convair  procedure  TNI  was  used  with  finite  element  models 
of  the  overall  box.  Membrane  and  bar  elements  were  used.  The 
models  had  approximately  801  nodes  and  1790  elements.  Several 
model  iterations  were  made.  A  summary  of  the  last  set  of  con¬ 
ditions  run  prior  to  configuration  selection  is  shown  in 
Table  11-20. 

2.2. 4. 2  Local  Areas  -  Computer  Analysis 

Local  area  analyses  using  finite  element  procedures  included 
the  following: 

1.  Lower  lug  stress  distributions  -  TLO  linear  strain  procedure. 

2.  Upper  lug  stability  checks  -  A3S  procedure  (Ref.  Par.  2. 2. 2. 5, 
AFFDL-TR-7  3-40) . 

3.  Upper  forward  outboard  plate  stability  check  -  NASTRAN  and  A3S 
procedures . 

4.  Lower  plate  damage  tolerance  studies  -  overall  TNI  model  with 
elements  cut  to  simulate  crack. 

5.  Braze  shear  and  peel  stress  studies  -  TLO  linear  strain  pro¬ 
cedure. 


2. 2. 4. 3  Detailed  Manual  Stress  Analysis 

The  discussion  for  NBB  para.  2. 2. 4. 3,  is  generally 
applicable  to  FSIL  also. 


2.2.5  Common  and  Miscellaneous 
2. 2. 5.1  Common  Items 

Stress  analyses  using  conventional  methods  were  performed 
for  the  sweep  actuator  fitting,  the  MLG  drag  brace  fitting,  the 
MLG  side  brace  fitting  and  the  MLG  inboard  and  outboard  trunnion 
fittings.  These  items  were  substantially  common  to  both  config¬ 
urations.  Additional  analyses  were  performed  to  assure  that 
changes  made  to  tailor  the  parts  for  NBB  were  structurally  ade- 
qua  te . 


FSIL  TNI  LOG 

CURRENT  DESIGN  LOAD  CONDITION; 
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2. 2. 5, 2  Miscellaneous 


The  fallowing  items  were  included  in  miscellaneous  analyses: 

1.  603FTB052  test  specimen  (Manual). 

2.  603FTB053  test  specimen  (Manual). 

3.  603FTB035  test  specimen  (TNI) 

4.  Studies  of  grid  size  effects  (NASTRAN) . 

5.  603FTB004  test  specimen  (TLO) . 


2.2.6  Stiffness  Analysis 

As  discussea  in  Para.  2.2.7  of  AFFDL-TR-73-40.  a  stiffaee* 
requirement  was  furnished  in  the  form  of  allowable  stored  elastic 
energy  (.0739  x  10®  in. lbs.).  The  value  found  for  the  FSIL  5-3 
model  was  .0848  x  10®  in. lbs.  and  for  the  NBB3-3  model  it  was 
.0661x  10°  in. lbs.  New  runs  were  not  made  for  the  wing  intrusion 
deletion  configuration  because  ASKA  stiffness  conditions  were  not 
furnished  to  Convair.  A  review  of  box  torsional  deflections  as 
reflected  in  relative  Y  deflections  for  the  upper  and  lower  lugs 
was  made  for  AS10000  and  AS10.  The  deflections  were  found 
to  be  larger  for  AS10000,  but  when  che  deflections  were 
normalized  on  pitching  moment,  it  was  found  that  the  NBB4and 
FSIL  6  series  models  deflected  less  per  inch-pound  than  the 
earlier  models,  i.e.  they  were  stiffer.  It  was  concluded, 
therefore,  that  with  the  deletion  of  the  wing  intrusion  less 
virtual  energy  storage  would  occur  than  before  so  that  FSIL 
would  approach  the  requirement  more  closely  while  NBB  would  have 
an  even  greater  stiffness  margin. 

2.2.7  Effect  of  Updated  Loads  on  Weight 

TNI  models  were  run  and  tl.a  first  cycle  resized  weights  were 
obtained  in  order  to  gain  some  insight  into  the  effect  of  the  de¬ 
letion  of  the  wing  intrusion  and  the  load  updating.  The  results 
obtained  are  shown  in  Table  11-21.  It  may  be  seen  that  for  the 
67.5°  condition,  the  weight  increase  on  the  FSIL  is  284  lbs./AP 
and  336  lbs./AP  for  the  NBB.  It  should  be  noted  that  the  modelbox 
input  weights  are  to  be  considered  in  a  relative  manner  only.  The 
effects  of  the  10%  gross  weight  increase  are  not  included  in 
these  values. 


2-129 


2.2.8  Simulated  Fuselage 


The  structure  referred  to  as  the  simulated  fuselage  consists 
of  the  two  components  of  the  test  fixture  which  are  adjacent  to 
the  WCTS.  These  components  extend  forward  to  Yp>  850  and  aft  to 
Yp  1050.  The  simulated  fuselage  is  designed' such  that  loads 
applied  to  the  WCTS  are  similar  to  the  RI  NARSAP  math  model  re¬ 
sults.  In  addition  to  required  stiffness,  sufficient  strength 
is  provided  for  static  and  fatigue  loadings. 

Several  TNI  math  models  of  the  upper  test  fixture  -  simula¬ 
ted  fuselage  -  carrythrough  structure  combinations  were  set  up 
and  iterated  to  obtain  longeron  loads  and  shear  flows  to  compare 
with  the  NARSAP  results.  These  models  are  similar  to  the  Phase  lb 
models  (See  AFFDL  TR-73-40)  except  for  the  following  differences: 

1.  Models  with  both  FSIL  and  NBB  boxes  were  run. 

2.  The  simulated  fuselage  plate  elements  were  changed  to  "shear 
only  plate"  which  is  the  same  type  of  element  used  in  the 
NARSAP  model. 

3.  The  bulkhead  at  Sta.  1050  was  changed  from  a  full  fuselage 
cross  section  planform  to  a  configuration  that  reflects  the 
cut  out  for  the  landing  gear 

4.  Longeron  and  web  materials,  areas,  and  thicknesses  were  ad¬ 
justed  on  an  iterative  basis  to  obtain  NARSAP  load  distri¬ 
butions  . 

5.  Wing  intrusion  provisions  were  removed. 

A  computer  drawing  of  a  typical  model  is  shown  in  Figure  2-27. 
The  comparison  of  the  two  Convair  models  and  the  NARSAP  model  are 
shown  in  Table  11-22  and  Table  2-23.  Figures  2-28  and  2-29  give 
the  location  of  the  math  model  load  points  referred  to  in  the 
tables.  For  an  overall  review  of  the  test  set  up  see  Section  III. 

The  load  comparisons  indicate  relatively  good  agreement  for 
longeron  loads  and  shear  flows  in  the  high  load  carrying  regions. 

Where  appropriate,  reduced  ultimate  material  allowables  were 
used  to  assure  adequate  fatigue  life.  Where  required,  allowance 
was  also  made  for  the  required  10%  gross  weight  increase  effect. 


Figure  2-27  SIMULATED  FUSELAGE  MATH  MODEL 


Table  11-22  CONVAIR  AND  NARSAP  SHEAR  FLOW  -  LBS. /IN. 
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Figure  2-29  AFT  SIMULATED  FUSELAGE  SHEAR  FLOW  AND  LONGERON 
LOCATION  DIAGRAM  YF992-1021 
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2.3  FATIGUE  AND  FRACTURE  ANALYSIS 


Fatigue  and  fracture  analyses  were  conducted  to  substantiate 
the  ability  of  the  FSIL  and  the  NBB  designs  to  meet  the  fatigue 
and  fracture  requirements  specified  for  the  baseline  aircraft. 

The  fatigue  loads  spectrum,  the  fatigue  requirements,  and  the 
fracture  mechanics  design  requirements  are  summarized  in 
report  AFFDL-TR-73-1 . 


2.3.1  Fatigue  Analysis 

Fatigue  allowables  were,  determined  for  both  WCTS  designs 
using  the  results  of  the  f tress  analysis,  the  fatigue  loads 
spectrum,  and  fatigue  S/N  test  data.  The  fatigue  analysis 
method  is  based  on  Miner's  theory  of  cumulative  damage.  Fatigue 
allowables  are  based  on  net  section  effective  (Von  Mises  yield 
criterion)  stresses. 


2. 3. 1.1  Fatigue  Test  Data  -  Basic  Materials 


Conventional  S/N  fatigue  tests  were  conducted  on  beta 
annealed  6A1-4V  titanium  plate.  10  Nickel  steel  plate,  and 
Beta  C  titanium  sheet.  Flat  specimens  of  three  configurations 
were  used:  smooth  (Kip  -  1),  center  hole  (Kp  =  2.4),  and  edge 
notched  (Kp  =  5.0).  Tests  were  conducted  at  three  R  ratios: 

R  *  0.1,  0.5,  and  -0.5.  Twenty  specimen  S/N  curves  were  developed 
for  Kp  of  2.4  and  5.0  at  each  R  ratio  and  for  Kp  =  1  at  R  =  0.1. 
Material  was  oriented  in  the  longitudinal  grain  direction. 

Fatigue  properties  in  the  long  transverse  direction  were  spot 
checked  by  testing  5  LT  specimens  at  each  of  two  stress  levels 
for  Kp  =  2.4,  R  -  0.1,  and  Kp  «  5.0,  R  =  0.1. 


The  fatigue  test  data  were  reduced  to  a  form  suitable  for 
computer  input  bv  constructing  constant  life  fatigue  diagrams 
for  Kp  =  2.4  and  5.0.  Subsequently,  these  diagrams  were  used 
to  construct  a  family  of  fatigue  curves:  alternating  stress, 
S^,  vs  cycles  to  failure,  N,  for  a  series  of  mean  stress 
levels,  Sm.  The  results  are  summarized  in  Figures  2-30 
thru  2-49  as  follows: 
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Failure 


N-Cycles  to  Failure 


to  Failure 


Material 


Ti  6A1-4V  (/3,MA) 

II 


II 

II 

10  Ni  Steel 

It 

II 

It 

Beta  C 

It 


_ Type _ 

S/N  Data 

Constant  Life  Diagrams 
vs  N  Curves 
Long  Transverse  Data 
S/N  Data 

Constant  Life  Diagrams 

S.  vs  N  Curves 
A 

Long  Tra^  verse  Data 
S/N  Dat? 

tong  V  Lnsverse  Data 


Figures _ 

2-30,  2-31,  2-32 

2-33,  2-34 
2-35,  2-36 
2-37 

2-38,  2-39,  2-40 
2-41,  2-42 
2-43,  2-44 
2-45 

2-46,  2-47,  2-48 
2-49 


The  10  Ni  steel  fatigue  data  at  =  5.0  were  significantly 
lower  than  expected.  Tests  on  round  notched  specimens  with  =  5 
were  conducted  to  determine  if  the  edge  notched  specimens  were 
more  severe  at  a  given  KT  level  than  the  round  notch  specimens 
commonly  used.  As  shown  in  Figures  2-50,51,  and  52,  the  test 
data  from  round  and  flat  specimens  are  essentially  the  same  at 
R  =  -0.5  and  R  =  0.1;  however,  at  R  =  0.5  the  endurance  limit 
of  the  round  specimens  is  55  KSI  vs  35  KSI  for  the  flat  speci¬ 
mens  . 


2. 3. 1.2  Fatigue  Test  Data  -  Weldments 

Fatigue  tests  were  conducted  on  EB  welds  in  beta  annealed 
6A1-4V  titanium  (1/2,  1  and  2  in.  thick)  and  GTA  welds  in  10 
Nickel  steel  plate  (.625  in.  thick).  Flat  specimens  with  K<j  =  1 
were  tested  at  R  =  0.1  and  R  =  0.5  (10  Ni  only).  The  weld  line 
was  located  normal  to  the  applied  load  in  the  center  of  the  test 
section. 

The  fatigue  test  data  were  compared  with  data  obtained  for 
the  base  metal.  Comparison  plots  are  shown  in  Figure  2-53  for 
EB  welded  titanium  and  in  Figure  2-54  for  GTA  welded  steel. 
Notice  that  in  both  cases  welding  does  impair  the  ICj,  =  1  fatigue 
resistance,  but  the  welded  specimens  have  better  fatigue  lives 
than  the  open  hole  specimens. 
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Figure  2-53  FATIGUE  DATA  SUMMARY 


2. 3. 1.3  Fatigue  Allowables 


Fatigue  allowables  were  determined  for  beta  annealed  6A1-4V 
titanium  and  10  Ni  steel  subjected  to  seven  representative  stress 
spectra.  The  spectra  represent  parts  of  the  WCTS  which  are 
critical  in  forward  sweep  (spectra  1,  3  and  6),  25°  sweep 
(spectrum  2),  aft  sweep  (spectra  5  and  7),  and  ground  (spectrum  4) 
conditions.  The  results  for  %  =  2.4  and  5.0  are  summarized  in 
Table  11-24.  Notice  that  at  K-p  =  2.4  both  materials  can  be  worked 
to  their  static  strength.  Based  on  the  K-p  =  2.4  results,  the 
fatigue  allowable  for  these  materials  at  all  locations  where  K-p  4-2 
were  set  equal  to  the  static  strength  of  the  material.  The 
fatigue  allowables  at  K-p  =  5  ranged  from  55  to  70%  of  Ftu  for 
both  materials.  The  K-p  =  5  allowables  were  used  for  lugs,  splices, 
and  open  holes.  Whenever  the  stresses  exceeded  the  K-p  =  5  allow¬ 
able,  Taper-lok  fasteners  were  required.  Allowables  for  struc¬ 
tural  areas  where  holes  with  Taper-lok  fasteners  are  the  principal 
stress  concentration  points  were  intermediate  between  the  K-p  =  2.4 
and  K-p  =  5  values:  100  KSI  for  beta  annealed  6A1-4V  titanium  and 
150  KSI  for  10  Nickel  steel.  Aluminum  allowables  were  established 
using  the  preliminary  design  allowables  methodology  discussed  in 
AFFDL-TR-73-40  for  the  specific  alloys  of  interest,  2024-T851 
and  7050-T7351 . 


i 


I 


Fatigue  allowables  for  the  lugs  were  based  on  sizing  pro¬ 
cedures  successfully  applied  during  the  F-lll  program.  The 
net  section  stress  is  determined  using  the  maximum  applied  load 
and  the  minimum  cross-sectional  area.  The  maximum  allowable 
net  section  stress  was  determined  from  fatigue  analysis  using 
K-p  =  5  S/N  data  and  a  lug  stress  spectrum.  The  lug  stress 
spectrum  was  developed  assuming  that  the  minimum  lug  cross- 
section  receives  the  highest  stress  in  each  of  the  flight  con¬ 
figurations,  i.e.,  at  different  wing  sweeps  the  critical  location 
remains  the  same.  It  was  further  assumed  that  the  limit  stresses 
for  each  flight  condition  in  the  fatigue  spectrum  (ASKA  2,  10, 

5,  9)  were  equal  and  the  minimum  applied  stress  was  equal  to  zero. 
Using  these  procedures,  the  lug  stress  allowables  were  77  KSI 
for  FSIL  and  131  KSI  for  the  NBB. 

Fatigue  allowables  for  welded  joints  were  based  on  the 
design  requirement  that  all  welds  be  located  remote  from  stress 
concentrations.  A  factor  of  .85  on  F^u  was  used  for  the  weld 
joint  allowable.  This  is  considered  conservative  because  all 
weld  fatigue  test  data  were  superior  to  the  open-hole  data. 

Fatigue  analysis  based  on  open-hole  (K-p  =  2.4)  data  indicates 
that  both  materials  can  be  worked  to  100%  Ftu- 


1 

1 


Fatigue  allowables  used  in  final  design  are  summarized  in 
Table  11-25  (FSIL)  and  Table  11-26  (NBB). 
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Table  11-24  FATIGUE  ALLOWABLES  FOR  SEVEN  SPECTRA 
REPRESENTATIVE  OF  FSIL  AND  NBB  LOWER  COVERS 


RELATIVE  STRESS 


Tl6AL-4V(£iMA)  10  NI  STEEL 


SPECTRUM 

NO. 

A  SKA* 
10 

ASKA 

2&5 

ASKA 

9 

ASKA 

7 

Kt=2 . 4 
KSI 

Kt=5 

KSI 

Kt=2.4 

KSI 

Kt=5 

KSI 

1 

.45 

1.0 

.73 

0 

130 

81 

190 

115 

2 

.58 

.88 

1.0 

-.34 

82 

110 

3 

.76 

1.0 

.84 

-.20 

84 

123 

4 

.68 

1.0 

.83 

-.56 

75 

113 

5 

1.0 

.78 

.81 

-.06 

87 

120 

6 

.81 

1.0 

.90 

-.13 

81 

112 

7 

1.0 

.86 

.  66 

-.14 

130 

85 

190 

112 

Table  11-25  FATIGUE  ALLOWABLES  FOR  FAIL  SAFE 
INTEGRAL  LUG  CONFIGURATION 


Material 


7050 

2024 


Part 


Ti  6A1-4V  (/3,MA)  Lower  Lug 


Centerline  Splice 
All  Welds 

Other  Tension  Members  (Kj£2) 
Upper  Out’bd  Longeron  Splice 
Other  Structure 
All  Tension  Member  (Kj>2) 
Other  Parts 


Allowable 
77  KSI 

(Net  Section  Stress) 
80  KSI 
106  KSI 
100  KSI 
90  KSI 

Static  Design 
45  KSI 

Static  Design 
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2.3.2  Fatigue  Crack  Growth  Test  Data 


The  crack  growth  analysis  is  based  on  data  for  the  two 
materials  of  principal  interest:  beta  annealed  6A1-4V  titanium 
and  10  Ni  steel.  Constant  amplitude  tests  were  conducted  in 
dry  air  at  360  cpm  and  in  sump  tank  water  at  6  and  60  cpm. 

Spectrum  tests  were  conducted  using  tensile  panels  with  either 
surface  flaws  in  open  structure  or  quarter  circle  cracks  extending 
from  one  edge  of  a  hole.  Specimens  were  tested  using  four  distinct 
spectra  representing  two  control  points  and  two  truncation  levels. 


2. 3. 2.1  Constant  Amplitude  Tests 


Constant  amplitude  fatigue  crack  growth  tests  were  con¬ 
ducted  on  beta  annealed  6A1-4V  titanium  plate,  10  Nickel  steel 
plate,  and  Beta  C  titanium  sheet.  The  test  data  for  beta  annealed 
6A1-4V  titanium  plate  were  presented  in  AFFDL-TR-73-77 .  For  10 
Ni  steel,  10  of  13  crack  growth  curves  were  presented  in  the 
same  report.  The  other  three  tests  are  shown  along  with  the  curves 
of  the  equations  used  in  the  crack  growth  analysis  in  Figure  2-55. 
Notice  that  the  analysis  lines  are  conservative  interpretations  of 
the  test  data,  particularly  at  growth  rates  below  2  x  10'^  inch  per 
cycle  where  the  cracks  grow  slower  in  sump  tank  water  than  in  dry 
air.  The  test  data  for  Beta  C  titanium  are  presented  in  Figures 
2-56,  57,  and  58;  a  single  Forman  equation  fits  all  of  the  test 
data  for  both  dry  air  and  sump  tank  water: 

da  =  2.3  x  IQ'7  AK2'63 

dN  (1-R)  70-  AK 


2. 3. 2. 2  Spectrum  Load  Tests 


The  results  of  the  spectrum  environmental  test  program  are 
summarized  in  Table  11-27.  Crack  growth  analyses  based  on  the 
Wheeler  model  were  conducted  to  develop  an  analytical  correlation 
for  each  set  of  test  data.  Available  data  and  preliminary 
analytical  correlations  were  presented  in  AFFDL-TR-/3-77 .  The 
analytical  correlations  for  beta  annealed  6A1-4V  titanium  were 
modified  in  accordance  with  the  procedures  outlined  in  Section 
2.3.3;  the  test  data  and  correlations  are  presented  in  Figures 
2-59  -  2-65.  The  analytical  correlations  for  10  Ni  Steel  have 
remained  unchanged;  the  test  data  obtained  since  the  Secor d  Interim 
Report  are  shown  in  Figures  2-66,  2-67  and  2-68. 
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Table  11-27  SPECTRUM- ENVIRONMENTAL  CRACK  GROWTH  TESTS 


MATERIAL 

Ti6Al-4V(fl,MA) 


10  Ni  Steel 


ENVIRONMENT 

SPECTRUM 

SPECIMEN 

RESULTS 
in  * 

DRY  AIR 

1 

SF 

1.8 

DRY  AIR 

2 

SF 

1.6 

DRY  AIR 

1 

CH 

1.4 

DRY  AIR 

2 

CH 

0.7 

SUMP 

r 

1 

SF 

1.9 

TANK  • 

r 

SF 

1.7 

WATER 

2* 

SF 

1.8 

DRY  AIR 

1 

SF 

0.8 

DRY  AIR 

2 

SF 

0.8 

DRY  AIR 

1 

CH 

0.9 

DRY  AIR 

2 

CH 

0.9 

DRY  AIR 

1* 

SF 

0.5 

DRY  AIR 

2* 

SF 

0.6 

SUMP  ( 

l 

SF 

1.0 

TANK  ' 

SF 

0.8 

WATER  ( 

2* 

SF 

1 .2 

•  SURFACE  FLAW  SPECIMEN  (SF) 

K 


TZ7- 


t_ 


.375 


•  CRACKED  HOLE  SPECIMEN  (CH) 

375  1 


I  V  W'WM 


6" 


.375 


Note:  Spectra  1*  and  2*  are  untruncated  versions  of  Spectra  1  and  2, 
respectively 


STRESS  INTENSITY  RANGE,  AK,  KSI  VITCH 


STRESS  INTENSITY  RANGE,  &K,  ESI  VTnCH 


-  -  ' 


STRESS  INTENSITY  RANGE,  AK,  KSI  VlNCH 


HALF  CRACK  LENGTH,  a,  (INCHES) 


HUNDREDS  OF  FLIGHTS 
Figure  2-61 

CRACK  GROWTH  TEST 
BETA  ANNEALED  6AL-4V  TITANIUM 
FTJ10940-1.53 

SPECTRUM  NO.  1  (CTmax  =  79.82  KSI) 
SUMP  TANK  WATER 
SEMICIRCULAR  SURFACE  FLAW 


2-175 


ito-- aa jetton ■- 


HALF  CRACK  LENGTH,  a,  (INCHES) 


2-176 


~H2ah- 

- -y— 


_L 

0.375 


h—  4  ~1 


Ot 

j 

0 

0 


o 

o 

© 

.0 

,d> 


/=> 


o 


0 


0 


HUNDREDS  OF  FLIGHTS 
Figure  2-63 

CRACK  GROWTH  TEST 
BETA  ANNEALED  6AL-4V  TITANIUM 
FTJ10940-153 

SPECTRUM  NO.  2  *  (crmax  =  68.89  KSI) 
SUMP  TANK  -WATER 
SEMICIRCUI AR  SURFACE  FLAW 
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Figure  2-64 


CRACK  GROWTH  TEST 
BETA  ANNEALED  6AL-4V  TITANIUM 
FTJ10940-152 

SPECTRUM  NO.  1  ( <rmax  =  79.82  KSI) 
DRY  AIR 

QUARTER  CIRCULAR  CORNER  CRACK 
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Figure  2-65 

CRACK  GROWTH  TEST 
BETA  ANNEALED  6AL-4V  TITANIUM 
FTJ10940-152 

SPECTRUM  NO.  2  (<rroax  =  68.89  KSI) 
DRY  AIR 

QUARTER  CIRCULAR  CORNER  CRACK 
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Crack 
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2.3.3  Crack  Growth  Analysis 

Crack  growth  analyses  were  conducted  on  both  WCTS  designs 
using  the  results  of  the  stress  analysis,  the  fatigue  loads 
spectrum  and  fracture  mechanics  test  data.  The  Wheeler  retarda¬ 
tion  model  was  used  to  account  for  spectrum  retardation  and  environ¬ 
mental  effects  to  the  extent  observed  in  the  spectrum-environmental 
test  program. 

A  modified  version  of  the  Air  Force  computer  program 
CRACKS  was  used  for  the  crack  growth  analyses.  The  modifications 
are  discussed  in  report  AFFDL-TR-73-1 .  The  CRACKS  program 
is  based  on  a  linear  accumulation  of  incremental  crack  growth,  i.e. 


da 

dN 


f(  AK) 


*  5 


(1) 

(2) 


4 

where  aQ  =  initial  crack  length 

an  =  crack  length  after  n  cycles 


The  functional  relationship  between  crack  growth  rate  da/dN, 
and  the  stress  intensity  range,  AK,  is  established  empirically 
from  the  constant  amplitude  crack  growth  test  data.  As  presented 
in  Section  2. 3. 2.1,  this  relationship  is  expressed  in  terms  of 
one  or  more  equations  of  either  the  Paris  or  the  Forman  type. 
Environmental  enhanced  crack  growth  is  accounted  for  by  use  of 
the  appropriate  da/dN  data. 


The  Wheeler  model  was  used  to  account  for  spectrum 
retardation  effects,  i.e.,  the  growth  rate  reduction  following 
a  peak  overload.  The  Wheeler  model  was  incorporated  into  the 
CRACKS  program  by  modifying  Equation  2  as  follows: 


Where  Cp.  is  the  spectrum  retardation  factor 
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'Pi 


*Y 


a  -a 
P 


m 


St  ■  1 


for  a  +  Ry  <  a 


for  a  + 


Ry  > 


(4) 


where  a,  a  and  are  defined  in  the  sketch 


Crack 
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The  retardation  exponent,  m,  is  an  empirical  constant 
determined  on  the  basis  of  the  spectrum  environmental  crack 
growth  tests  discussed  in  Section  2. 3. 2. 2.  The  best-fit  m 
value  is  obtained  by  generating  a  family  of  crack  growth  curves 
using  the  test  spectrum,  the  appropriate  da/dN  data  and  a  series 
of  m  values.  The  analysis  curve  that  most  closely  approximates 
the  experimental  data  sets  the  m  value.  The  analysis  curves 
shown  in  Figures  2-59  through  2-68  represent  the  best-fit  m 
values  for  beta  annealed  6A1-4V  titajiium  and  10  Ni  steel. 


Equation  (3)  implies  cycle-by-cycle  summation  of  the 
incremental  crack  growth.  To  improve  efficiency,  the  CRACKS 
program  uses  a  Runge  Kutta  integration  of  the  da/dN  curves  over 
an  interval  of  fatigue  cycles  at  a  constant  load  level  within 
the  fatigue  spectrum.  This  procedure  is  extremely  accurate  but 
requires  several  computational  steps.  Further  efficiency 
improvements  were  achieved  for  the  AMAVS  program  by  using  a 
single-step  integration  procedure,  i.e. 


a 

n 


a 

o 


t— > 

w 


AN. 

l 


(5) 


where  ANi  is  the  number  of  cycles  in  the  i  spectrum  load 
level  and  the  incremental  crack  growth  within  each  load  level 
is  summed  over  the  range  of  load  levels  applied  (i  =  1  to  EN) . 
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Use  of  Equation  5  resulted  in  a  four-fold  savings  in 
computer  run  time,  however,  computer  run  times  were  still  too  long. 
Satisfactory  length  computer  runs  (approx.  1  minute  per  1280 
flights)  were  achieved  by  converting  the  flight-by-flight 
spectrum  to  a  10  flight  block  spectrum.  Comparative  runs  indicated 
that  crack  growth  rates  were  essentially  the  same  for  both  spectra. 
The  block  spectrum  was  slightly  conservative  because  more  re¬ 
tardation  occurred  in  the  flight-by-flight  spectrum. 


2.3.4  Fracture  Analysis  of  Selected  Control  Points 

Fracture  analyses  were  conducted  on  10  control  points  in 
the  FSIL  WCTS  and  9  in  the  NBB  configuration.  Primary  tensile- 
loaded  elements  of  the  WCTS  were  identified  as  control  points 
based  on  the  evaluation  of  finite  element  math  model  stresses, 
stress  analysis  results  and  design  details.  Surveys  of  the  stress 
distributions  for  the  five  fatigue  spectrum  conditions  (ASKA 
Conditions  2,  10,  5,  9  and  7,  representing  post-takeoff,  TFR, 
prelanding,  climb/cruise,  and  ground/ taxi,  respectively)  were 
considered  in  the  selection  of  control  points. 

A  worksheet  was  prepared  for  each  control  point  showing  a 
sketch  of  the  location  and  dimensions  of  the  control  #oint,  part 
identification,  material,  damage  tolerance  category,  and  inspecta- 
bility  category.  These  control  point  data  are  supplemented  with 
tabulated  information  which  includes  the  stresses  (maximum 
principal  and  effective)  for  each  condition  in  the  fatigue 
loads  spectrum;  maximum  spectrum,  limit,  net  ultimate,  and 
allowable  stress  levels;  initial  and  critical,  crack  sizes; 
and  type  of  crack  (cracked  hole,  surface  crack,  etc.)  con¬ 
sidered  at  each  control  point. 

Areas  of  the  WCTS  approaching  and/or  exceeding  the  following 
established  gross  section  limit  stress  levels  were  selected  as 
primary  fracture  control  points. 


o  Ti  6A1-4V  (/?,MA) 


o  10  Ni  Steel 


o  7075  Al 
2024  Al 


67  ksi  -  maximum 
53  ksi  -  typically 

100  ksi  -  maximum 
80  ksi  -  typically 

30  ksi  -  maximum 
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Using  the  gross  section  limit  stress  levels  noted  above, 
critical  crack  sizes,  ac  were  calculated  using  the  following 
crack  models . 

0  For  part  thru  cracks  adjacent  to  holes: 


gb 


.  2 


V®B 


■M  a  h — 


where  Q  =  Flaw  Shape  Factor  =  2.46  -  .212  (^ / a  )' 
MK  =  Back  Face  Correction  Factor  ys 

C^j,  =  Stress  Gradient  Factor 

o  For  thru-the-thickness  cracks  adjacent  to  holes: 

[ "(a  +  d) 

v  _  <r  }  l_c _ 


G  a 
^KT 


— H  d  k- 


0  For  thru-the-thickness  cracks  with  a  finite  width  correction, 
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The  following  material  properties  were  used  in  developing 
critical  crack  sizes: 

10  Ni  Steel 


KIC  «  200  ksi ypLn 

a-  B  =  175  ksi 

uys 

E  =  28.0  x  106  psi 


Ti  6AL-4V 


=  80  ksi 


=  115  ksi 


E  =  16.3  x  10°  psi 


Critical  crack  sizes  were  calculated  using  stress  levels 
corresponding  to  the  maximum  service  spectrum  stress  or  the 
limit  load  stress  whichever  was  the  greatest.  For  the  control 
points  considered  herein,  the  highest  stress  was  consistently 
the  limit  load  stress;  i.e.,  2/3  ultimate  gross  section  stress. 
Figure  2-69  shows  a  typical  critical  crack  length,  in  this  case 
a  thru-the-thickness  crack,  for  gross  section  limit  stresses 
of  60  ksi  to  130  ksi.  For  control  points  in  the  WCTS,  ac  typically 
was  less  than  4.0  inches.  For  cases  where  ac  >4  inches,  it  was 
assumed  that  other  factors  such  as  structural  geometry,  loads 
redistribution,  etc.,  would  dominate. 
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2. 3. 4.1  I'SIL  Fracture  Analysis 


Fracture  analyses  were  conducted  on  the  following  10  FSIL 

configuration  control  points. 

1.  Control  Point  1,  Figure  2-70,  Aft  Outboard  Corner,  Upper 
Plate  at  Weld  Line. 

Crack  growth  analyses  were  conducted  at  the  Xp  124.75  weld 
line  using  EB  da/dN  data.  A  0.15 -inch  initial  crack  length, 
a  crack  retardation  exponent,  m  =  o,  and  a  sump  tank  water 
environment  were  used  for  these  analyses.  Results  indicated 
that  the  initial  crack  length  was  less  than  0.15 -inches 
for  100%  and  90%  stress  levels  of  the  five  fatigue  spectrum 
conditions.  An  initial  crack  length  greater  than  0.15- 
inches  with  a  critical  length  of  1.00-inches  was  calculated 
for  an  80%  stress  level.  Further  work  is  needed  to  qualify 
this  location. 

2.  Control  Point  2,  Figure  2-71,  Yp  992  Bhd,  Outboard,  Lower 
Attach  Angle. 

A  crack  growth  analysis  was  conducted  for  a  cracked  hole 
at  Xp54  using  an  0.15 -inch  initial  crack  length,  a  crack 
retardation  exponent  m  =  0.7,  and  a  sump  tank  water  environ¬ 
ment.  A  critical  crack  length  of  0.87  inches  was  calculated. 

3.  Control  Point  3,  Figure  2-72,  Lower  Plate,  Aft  Longeron, 
Outboard  Lower 

4.  Control  Point  4,  Figure  2-73,  Lower  Plate,  Lug 

5.  Control  Point  5,  Figure  2-74,  Lower  Plate,  Centerline  Splice 

6.  Control  Point  6,  Figure  2-75,  Yp992  Bhd,  Inboard,  Fuel 

Transfer  Hole,  Xp39 

7.  Control  Point  7,  Figure  2-76,  Yp932  Bhd,  Forward  Outboard, 
Lower  Attach  Angle 

8.  Control  Point  8, 
o  Rib  (Xf  119) 

o  Sweep  Actuator  Fitting 
o  Sweep  Actuator  Fitting  Support 
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FSIL  CONTROL  POINT  4;  LOWER  LUG 
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-74  FSIL  CONTROL  POINT  5;  LOWER  PLATE  AND  SPLICE 


o  X7223821  -  Web-Closure  Rib,  Outboard. 

Based  on  gross  section  limit  stresses  below  60  ksi 
at  localized  areas;  the  closure  rib  was  considered  not 
to  be  fracture  critical. 

o  X7223822  Actuator  Support  Fitting 

Low  stress  levels  in  the  support  fitting  did  not 
deem  critical  crack  length  calculations  of  this 
part. 

o  X7223901  Sweep  Actuator  Fitting 

Based  on  gross  section  limit  stresses  below  60  ksi, 
the  actuator  fitting  was  not  considered  critical. 

9.  Control  Point  9,  MLG  Trunnion,  Fittings 

A  survey  of  MLG  trunnion  fitting  stresses  indicated  that 
these  fittings  are  not  fracture  critical. 

10.  Control  Point  10,  Lower  Plate,  Fwd,  Longeron,  Outboard  Lower 

This  control  point  is  similar  to  Control  Point  3.  Based  on 
lower  stresses  (approximately  56%)  in  comparison  to  control 
point  3,  this  area  was  not  considered  critical. 


2.3. 4. 2  NBB  Fracture  Analysis 

Fracture  analyses  were  conducted  on  nine  NBB  configuration 
control  points.  A  listing  of  these  points  follows. 

1.  Control  Point  1,  Figure  2-77,  Yp  992  Bhd.  Inboard,  Fuel 
Transfer  Hole,  Xp  29. 

2.  Control  Point  2,  Figure  2-78,  Lower  Plate,  Lug  -  Wing 
Pivot  Bore 

3.  Control  Point  3,  Figure  2-79,  Lower  Plate,  Fwd  Inboard, 
Bolt  Hole 

4.  Control  Point  4,  Figure  2-80,  Lower  Plate  Assembly;  Aft. 
Outboard  Cutout,  Xp  68-72;  Yp  992,  Zp  0 

5.  Control  Point  5,  Figure  2-81,  Yp  932  Bhd,  Lower  Attach 
.Angle,  Xp  65,  Xp  72;  Zp  0 

6.  Control  Point  6,  Figure  2-82,  Upper  Lug  Installation, 

Aft  Corner,  Xp  119  2-197 


-77  NBB  CONTROL  POINT  1;  YF  992  BULKHEAD,  LOWER  PLATE 


-78  NBB  CONTROL  POINT  2;  LOWER  LUG,  AFT 


-79  NBB  CONTROL  POINT  3;  LOWER  PLATE 


X7224070 


Grot*  section  ortnclpal  stresses  used  for  fracture  analysis. 

Set  section  effective  stresses  used  for  fatigue  analysis. 

Type  stress — H:  Maximus  Principal  Stress 
E:  Effective  Stress 

Figure  2-80  NBB  CONTROL  POINT  4;  LOWER  PLATE,  AFT  OUTBOARD  CUTOUT 
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-81  NBB  CONTROL  POINT  5;  Yv  932  BULKHEAD  LOWER  FLANGE 


7.  Control  Point  7,  X7224130  Xp  84  Rib  Assembly 

A  survey  of  maximum  gross  section  stresses  indicated  very 
low  stress  distributions  in  the  Xp  84  rib.  The  maximum  limit 
stress  was  25  ksi.  The  rib  assembly  was  not  considered 
fracture  critical. 

8.  Control  Point  8,  X7224030  Xp  119  Closure  Rib  Assembly 

A  survey  of  stress  levels  in  the  closure  rib  indicated 
low  stress  distributions.  The  areas  considered  for  this 
analysis  are  loaded  by  the  sweep  actuator  fitting  support 
attachment  bolts  and  are  therefore  primarily  loaded  in  shear. 
The  maximum  gross  limit  stress  in  the  closure  rib  is  66  KSI. 

9.  Control  Point  9,  X7224170  Lower  Plate,  Forward  Outboard 
Cutout;  Xp  68-72;  Yp  940 

This  area  is  similar  to  control  point  4.  Since  stress 
levels  were  lower  than  at  Yp  992  (control  point  4)  this 
area  was  not  considered  a  primary  control  point. 

2.3.5  Fracture  Control  Plan 

The  fracture  control  plan  was  prepared  and  published 
(FZM-6068,  1  Feb.  1973)  during  Phase  lb.  A  brief  overview  of 
the  plan  was  presented  in  the  AMAVS  Phase  lb  Technical  Report. 
During  Phase  II,  steps  were  taken  to  implement  the  Fracture 
Control  Plan  prior  to  start  of  production.  The  Fracture  Critical 
Parts  List,  Figure  2-83,  was  updated  and  the  detailed  Traceability 
requirements.  Figure  2-84,  were  defined. 


2.3.6  Finite  Element  Fracture  Analysis 


2. 3. 6.1  The  Assumed  Stress  Hybrid-Model  Finite  Element  Method 


The  computer  procedure  (Convair  code  name  UD1)  based  on  the 
assumed  stress  hybrid-model  finite  element  method  for  fracture 
mechanics  analysis  has  been  completely  programmed  and  checked 
out.  Improvements  have  also  been  made  in  efficiency,  versatility, 
and  applicability  of  the  computer  procedure  during  the  Phase  II 
reporting  period  of  the  AMAVS  Program.  The  computer  procedure 
calculates  the  crack  tip  stress  intensity  factors,  then  the  nodal 
displacements,  and  finally  the  element  stresses.  For  the  assumed 
stress  hybrid-model  elements,  element  stresses  at  four  corners  are 


2-204 


FSIL  Configuration 


X7223730 

31 

32 

33 

34 

35 

36 

37 

X7223850 

51 

52 

X7223751 

X7223752 

X7223765 

X7223781 

82 

83 

X7223710 

11 

12 

13 

14 

X7223853 

X7223821 

22 


1 

1/2 

7 

7 

7 

7/-8.-9/-10 
7/-8, -9/-10 
7 

7  / -8 
7  / -8 
7  / -8 
7  / -8 
7/ -8 
7  / -8 
7  / -8 
7  / -8 
7/ -8 
1/-2 
7  / -8 
7/ -8 
7  / -8 
7  / -8 
7/ -8 
7  / -8 

7/-8,-9/-10 


Lower  Plate  Assembly 

"  "  Brazed  Assembly 

"  "  Doubler 

"  "  Web 

"  Lug  Doubler 

Yp  932  &  Yf  992  BHD  Attach  Angles 

YF  932  &  Yf  992  Gussets 

Lower  Plate  £  Splice 

Closure  Rib  Attach  Angle 

O.B.  Aft  Longeron  Adapter 

Fwd  Lower  O.B.  Longeron  Fitting 

Yf  932  BHD  Web,  O.B. 

Yf  932  BHD  Web,  XF  39-84 
Yf  947  BHD  Lower  Beam 
Yf  992  BHD  Web  O.B. 

Yf  992  BHD  Web  XF  35-84 
Yf  992  BHD  Web  I.B. 

Upper  Lug/Plate  Weld  Assembly 
Upper  Lug 

Upper  Plate  -  <Q.B.  Fwd 

Upper  Plate  -  O.B.  Aft 

Upper  Plate  -  O.B.  Ctr 

Fwd  Upper  O.B.  Longeron  Fitting 

Web  -  Closure  Rib 

Support  -  Actuator,  Closure  Rib 


X7224011-7/-8 

60-1/-2 

61-7/-8 

70- 7/ -8 

71- 1/-2 
73-7 / -8 
75-7 / -8 


No -Box  Box  Cov. figuration 

Pivot  Lug  -  Upper 

Yp  992  Bhd  Assembly 

Yf  992  Bhd-Inboard  Web 

Yf  992  Bhd-Outboard  Segment  (Machined) 

Yf  992  Bhd-Outboard  Segment  (Welded) 

Yf  992  Bhd-Outboard  Lower  Cap 
Yp  992  Bhd-Outboard  Web 


1 

fe 

77-7 

yf 

992  Bhd-Inboard  Lower  Cap 

1 

& 

65 -7 / -8 

yf 

992  Bhd-Lower  Cap  Splice 

? 

& 

X7224080-1/-2 

yf 

932  Bhd  Assembly 

1 

1 

90- 7/-8 

91- 1/ -2 

yf 

932  Bhd  -  Outboard  Segment  (Machined) 
"  "  "  "  (Welded) 

! 

93-7 / -8 

ft 

"  "  "  Lower  Cap 

1 

95 - 7 / - 8 

It 

"  "  "  Web 

97-7 

It 

"  "  -  Inboard  Lower  Cap 

i 

85 - 7 / -8 

It 

"  "  -  Outboard  Gusset 

i 

87 -7 / -8 

II 

"  "  -  Lower  Cap  Splice 

Figure  2-83  FRACTURE  CRITICAL  PARTS  LIST 
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X7224155-7/-8 

X7224170-1/-2 

72- 7/ -8 

73 - 7 / -8 

75 - 7 / -8 

76- 7/ -8 

77- 7 

78- 7 

X7224180-7/-8 

X7224141-7/-8 

43- 7/ -8 , -9/-11 

44- 7/-8 
47 - 7/ -8 


No-Box  Box  Configuration  (Continued) 

Longeron  Fitting  -  Upper  Forward 
Lower  Plate  Assembly 

"  "  Panel  XF  39-84 

"  "  "  XF  3SR-39L 

Pivot  Lug  Lower 

"  "  "  -  Reinforcement 

Lower  Plate  Splice  -  YF  992 
Lower  Plate  Splice  -  YF  932 
Beam,  MLG  Drag  Brace  YF  947 
Closure  Rib  (Machined) 

Closure  Rib  (Details) 

Support  -  Actuator, Closure  Rib  Inbd. 

"  "  "  "  Outbd . 


Fittings 


X7223900-1/-2 
01-7/ -8 
11-1/ -2 

12- 7/ -8 

13- 7/ -8 

14- 7/-8 

15- 7/ -8 


Wing  Sweep  Actuator  Support  Assy, 
n  n  it  ii  ii 

MLG  Drag  Strut  Support  Assy 
"  "  "  "  Inbd.  Lug 

"  "  "  Outbd.  Lug 

"  "  "  Extensions 

"  "  "  Splice 


X7223920-1/-2 

21- 7/-8 

22- 7/-8,-9/-10 

23- 7 / -8 


Side  Brace  Support  Assy. 
"  "  Outbd  Lug 

»  *'  Web 

"  "  Beam 


X7223930-7/-8 
32-7 / -8 
31-7/-8 


Trunnion  XF  72 

Cap  XF  72 
Trunnion  XF  95.5 


Figure  2-83  FRACTURE  CRITICAL  PARTS  LIST  (Continued) 
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This  drawing  establishes  the  traceability  requirements  for  Advanced 
Metallic  Air  Vehicle  Structure  parts  when  specifically  called  for  on  the 
Engineering  Drawing. 

1.  Raw  Material  Information 

Material  for  parts  that  require  traceability  will  be  purchased  to  specifi¬ 
cations  that  define  all  traceability  information  which  must  be  supplied  by 
the  producer. 

2.  Material  Storage 

Materials  procured  specifically  for  the  AMAVS  program  requiring  material 
traceability  will  be  stored  separately  from  materials  procured  for  other 
pwdgrams . 

3.  Material  Allocation  Plan  (MAP) 

A  material  allocation  plan  (MAP)  will  be  prepared  by  AMAVS  Engineering 
for  each  sheet,  plate  or  bar  of  incoming  material  requiring  material  traceabi¬ 
lity. 

4.  Material  Serial  Numbers 

The  MAP  will  assign  each  piece  of  incoming  material  a  serial  number  coded 
as  follows:  „  v 
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4.  (Cont) 

The  serial  number  shall  be  marked  on  incoming  material  prior  to  being  placed 
in  storage.  The  marking  procedure  will  be  specified  on  the  MAP. 

4.1  Material  Codes: 

A  -  Beta  Annealed  6A1-4V  titanium 
B  -  2024  or  2124  aluminum  alloys 
C  -  10  Nickel  Steel 
D  -  Beta  C  titanium 
E  -  7050  aluminum 

4.2  Heat  Number  Code 

For  each  material,  successive  heats  will  be  coded  consecutively 
starting  with  the  number  one  (1)  .  Quality  Assurance  will  maintain  a 
record  that  correlates  heat  number  and  code  number.  The  vendor  and 
the  full  heat  number  will  be  recorded  on  the  MAP. 

4.3  Sheet,  Plate  or  Bar  Number 

For  each  heat  of  material,  each  sheet,  plate  and/or  bar  will  be 
consecutively  numbered  starting  with  the  number  one  (1). 

5.  Part  Traceability  Number 

Part  traceability  number  is  the  piece  serial  number  defined  in  step  4 
along  with  the  item  number  to  identify  the  specific  part,  i.e.: 

X  -  X  -  X  -  X 

Piece  S/N  Item  Number 


This  traceability  number  must  be  marked  on  the  part  during  layout  for  the 
first  cut  operation  and  prior  to  material  release. 

6.  Material  Release 

Production  planning  for  traceable  parts  will’  specifically  refer  to  the 
part  traceability  number  as  designated  by  the  MAP.  Material  release  for 
production  of  traceable  parts  will  be  by  part  traceability  number. 

I  7.  Maintenance  of  Part  Traceability  Number 

The  part  traceability  number  must  be  maintained  on  the  part  through  all 
stages  of  manufacture  and  assembly.  Loss  of  this  identification  at  any  stage 
of  manufacture  is  cause  for  rejection  of  the  part. 

8.  Traceability  Records 

For  each  traceable  part,  complete  data  documenting  the  heat  number, 
material  certification,  production  planning,  inspection  records,  processing 
data  sheets,  discrepancy  reports,  etc.,  will  be  recorded,  collected  and 
maintained  by  Quality  Assurance.  These  records  will  provide  complete 
traceability  from  raw  material  through  the  completed  assembly. 
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calculated  and  printed.  Triangular  elements  and  general  quadri¬ 
lateral  elements  are  based  on  conventional  displacement  assump¬ 
tions  and  only  the  average  stresses  within  the  elements  are 
calculated  and  printed.  The  computer  procedure  UD1  was  re¬ 
programmed  to  improve  the  overall  efficiency  in  the  following 
areas:  (1)  the  maximum  number  of  nodes  in  a  structural  simula¬ 

tion  was  increased  from  250  to  350,  (2)  the  maximum  node  separa¬ 
tion  was  increased  from  28  to  35,  and  (3)  the  solution  algorithm 
of  the  program  was  improved. 


2. 3. 6. 2  Design  Analysis  by  Computer  Procedure  UD1 

In  addition  to  a  number  of  fracture  analysis  problems  which 
have  been  reported  in  the  First  and  Second  Interim  Reports  of 
the  AMAVS  Program  (AFFDL-TR-73-1  and  AFFDL-TR-73-77) ,  the 
following  problems  have  been  solved  during  Phase  II,  Final  Design. 

(1)  A  four-bay  brazed  lower  plate  with  a  center  crack  under 
uniform  tension  was  analyzed.  The  stiffened  panel  shown  in 
Figure  2-85  has  a  center  crack  in  the  web  material  with  the 
center  stiffener  still  remains  intact.  Figure  2-85  also  shows 
the  variation  of  crack  tip  stress  intensity,  Kj,  versus  half 
crack  length,  a.  The  center  stiffener  is  assumed  to  be  com¬ 
pletely  delaminated  from  the  web  material  in  the  analysis. 

(2)  A  fracture  analysis  was  conducted  on  the  brazed  lower  plate 
specimen,  Drawing  603FTB035  "D".  The  test  specimen  is  composed 
of  a  0.5  inch  web  and  two  0.6  inch  stiffener  panels  brazed  to  the 
web  plate.  External  loads  of  P  =  2000  kips  are  applied  to  the 
structure  along  a  line  which  is  4°  off  the  centerline  of  the 
structure  as  shown  in  Figures  2-86  and  2-87. 

The  finite  element  simulation  is  composed  of  hybrid-model 
finite  elements,  triangular  elements  and  general  quadrilateral 
elements.  A  typical  finite  element  simulation  of  the  test 
specimen  is  shown  in  Figure  2-88.  Note  that  a  crude  simulation 
was  used  for  the  test  fixtures.  Kj  and  were  calculated  at 
both  crack  tips  and  stresses  were  calculated  throughout  the 
entire  panel.  The  following  fracture  analyses  were  made: 

(1)  A  thru-crack  embedded  in  the  second  bay  of  the  lower  panel 
specimen  was  analyzed.  Figure  2-86  shows  the  structural  arrange¬ 
ment  as  well  as  results  from  UD1  analyses  with  a  =  2  inch,  4 
inch,  5  inch  and  6  inch.  Both  Kp  and  Kpj  vs,  a  were  plotted 
in  Figure  2-86.  Note  that  the  values  plotted  are  for  the  crack 
tip  on  the  right-hand  side  which  are  slightly  greater  than 
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A  Thru  Crack  Embeded  In  the  First  Bay  of  the  Lower 
Panel  Specimen 


16 


2.3.7  Fatigue  Life  Variability 


The  fatigue  life  variability  of  the  following  materials 
was  evaluated: 

10  Ni  Steel  Plate 

Beta  Annealed  6A1-4V  Titanium  Plate 

Beta  C  Sheet 

Silver-Brazed  Beta  Annealed  6A1-4V  Titanium 

For  each  material,  a  series  of  20  specimens  was  flight-by- 
flight  fatigue  tested  to  establish  the  fatigue  life  distribution. 

The  resulting  test  data  (Figures  2-90  thru  2-93)  were  analyzed 
using  maximum  likelihood  estimates  (MLE)  methods  to  determine 
the  Weibull  parameters.  The  shape  parameter,  a  ,  is  a  measure 
of  the  degree  of  variability  and  the  characteristic  life,  p,  is  the 
number  of  flights  for  a  63.2%  failure  rate  as  defined  by  the 
untruncated  Weibull  distribution  function: 

F(t)  =  1  -  exp  [  -  (t /  p  )  a  ] 

where  t  =  the  fatigue  life  in  cycles 

F(t)  =  the  fatigue  life  distribution 

The  test  results  indicate  that  Beta  Annealed  6A1-4V  Titanium 
and  10  Ni  Steel  have  virtually  identical  characteristic  fatigue 
lives  when  fatigue  cycled  to  the  same  percentage  of  Ftu> 

6126  and  6060  flights,  respectively.  However,  the  fatigue 
scatter  was  greater  for  10  Ni  Steel  ( &  -  2.05)  than  for  the  6-4 
Titanium  («=  3.06).  The  characteristic  fatigue  life  of  Beta  C, 

2601  flights,  was  significantly  lower  than  that  of  Ti  6A1-4V 
(  /? ,  MA)  using  the  same  stress  spectrum,  despite  the  greater 
strength  of  the  Beta  C  (Ftu  =  185  KSI  for  Beta  C  vs  125  KSI  for 
6-4  Titanium).  However,  there  was  less  scatter  in  the  fatigue 
data  for  Beta  C  (a=  5.86)  than  for  10  Ni  Steel  or  Ti  6A1-4V 
(  jS,  MA). 

For  silver  alloy  brazed  pairs  of  TI  6A1-4V  (  /?,MA),  the  fatigue 
life  variability  («  =  7.96),  and  the  characteristic  life  ( P  =  4563 
flights)  were  significantly  lower  than  observed  in  single  ply  specimens 
This  was  attributed  to  first-of-two  type  failures  of  parallel  elements 
which  tend  to  reduce  scatter  and  decrease  life.  The  decreased  fatigue 
life  was  predicted  to  be  4803  flights  for  random  pairs  taken  from  the 
20  single-ply  specimens.  Thus,  most  of  the  decrease  in  fatigue 
life  can  be  attributed  to  a  first-of-two  failure  mode  as  opposed 
to  a  degradation  in  fatigue  strength  due  to  brazing. 
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The  fatigue  life  variability  data  were  used  to  conduct  a 
cursory  evaluation  of  the  two  WCTS  designs  using  the  Whittaker 
reliability  analysis  model  presented  in  AFML-TR-69-65 .  For  the 
NBB,  a  location  with  a  computed  fatigue  damage  (£n/N)  of  .061, 
the  reliability  in  a  four-service  life  test  program  is  .60.  If 
there  were  four  such  points  in  the  WCTS  (i.e.  with  computed 
damage  >  .061)  the  computed  reliability  would  be  .36.  For  a 
fleet  of  200  aircraft,  the  time  to  first  failure  would  be  91 
flights  with  a  50%  probability.  These  predictions  are  considered 
unsatisfactory  and  are  attributed  to  extrapolation  of  the  Weibull 
plot  to  failure  values  not  observed  in  the  test  program. 
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Figure  2-93  WEIBULL  PLOT  OF  BETA  ANNEALED  6AL-4V  TITANIUM, 

SINGLE  PLY  AND  2  PLY  BRAZE,  RELIABILITY  TEST  DAT* 


2.4  MATERIALS  ENGINEERING 


2.4.1  Material  Selection 

The  primary  materials  selected  for  use  in  the  "No-Box"  Box 
design  are  beta  annealed  6A1-4V  titanium,  10  Nickel  steel  and 
7050  aluminum  plate.  Final  design  allowables  based  on  test  data, 
specification  requirements,  and  vendor  guarantees  are  shown  in 
Tables  11-28,  11-29  and  11-30',  respectively. 

2.4.2  Material  Procurement 

Beta  Annealed  6A1-4V  Titanium  -  Orders  for  all  materials 
required  for  the  FSIL  design  were  placed  during  July  and  August  and 
are  scheduled  for  delivery  during  the  last  of  December  and  the 
first  half  of  January.  Partial  shipments  have  been  received.  Two 
vendors  are  participating  in  supplying  this  material,  Reactive 
Metals  Incorporated  and  Titanium  Metals  Corporation  of  America. 

The  material  on  order  for  the  FSIL  configuration  is  more  than 
adequate  to  support  the  "No-Box"  Box  design. 

10  Nickel  Steel  -  Orders  for  the  material  required  to  support 
the  "No-Box"  Box  design  were  placed  in  September  and  first  deliveries 
are  scheduled  to  be  received  in  January  with  completion  in  March. 
United  States  Steel  Corporation  is  presently  the  only  source  for 
this  material,  with  U.  S.  Steel  doing  the  rolling  and  forging  of 
the  material  and  Latrobe  Steel  Company  double  vacuum  melting 
(VIM  plus  VAR)  of  the  ingot. 

7050  Aluminum  -  Orders  for  the  material  required  to  support 
either  configuration  were  placed  in  September,  with  delivery  promised 
in  early  January.  This  material  is  a  product  of  ALCOA  and  is  being 
used  in  all  applications  requiring  a  starting  thickness  of  1.5 
inches  or  greater. 

Other  Materials  -  Orders  for  long  lead  time  items,  such  as 
2024  aluminum,  are  being  placed  on  an  expedited  basis.  All  orders 
for  the  2024  aluminum  required  were  placed  during  September  and 
October  and  the  majority  of  the  requirements  are  being  filled  from 
warehouse  stock.  Orders  for  aluminum  honeycomb  core,  adhesives, 
and  other  miscellaneous  materials  are  in  the  process  of  being 
prepared . 
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TENSILE  DATA  BASED  ON  ALCOA  GREEN  LETTER  GL220(4-73) 
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2.4.3  Materials  Testing 

The  status  of  the  materials  testing  program  is  being 
reported  in  other  sections  of  this  report  and  is  essentially 
complete.  The  data  generated  is  being  compiled  in  the  Materials 
Property  Data  Report  which  is  prepared  and  submitted  incrementally 
at  the  end  of  each  phase  of  the  AMAVS  program.  The  Phase  lb 
report  (General  Dynamics,  Convair  Aerospace  Division  Report 
FZM-6148)  was  submitted  in  April  1973  and  the  Phase  II  report 
is  scheduled  for  submittal  in  January  1974.  The  design  allowables 
noted  in  paragraph  2.4.1  and  2.4.5  and  in  subsection  2.3  were 
based  on  this  test  program. 

2.4.4  Brazing  Development 


2. 4. 4.1  Brazing 

Brazed  assemblies  processed  during  this  phase  are  shown  in 
Table  11-31.  As  a  result  of  the  problems  encountered  with  the 
first  603FTB035,  a  braze  improvement  program  was  initiated.  This 
program  consisted  of  a  series  of  time- temperature  laboratory  tests 
and  manufacturing  tests  to  improve  retort  atmosphere  and  conditions 
of  all  components. 

The  "Braze  Improvement  Program"  and  observations  of  the 
first  603FTB035  FSIL  Specimen  Brazing  Operation  led  to  the 
following  conclusions: 

(1)  Layup  time  from  cleaning  to  braze  needed  to  be  reduced 

(2)  Glass  cloth  used  as  a  stop  off  in  the  retort  contributed 
to  the  contamination 

(3)  Silver  braze  alloy  cleaning  was  not  a  major  factor 

(4)  Improved  purging  was  necessary 

(5)  Heat  up  rate  to  the  brazing  temperature  needed  to  be 
improved 

(6)  Temperature  reading  near  the  braze  line  was 
necessary 
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Layup  time  can  be  reduced  by  organization  and  planning, 
such  as,  pre-cutting  and  pre-cleaning  the  braze  alloy.  Glass 
cloth  was  removed  from  the  retort  and  was  replaced  by  stop  off. 

The  stop  off  was  baked  at  700°F  after  application  to  tools  to 
remove  moisture  and  the  carrier  vehicle.  Silver  braze  alloy 
cleaning  was  proven  to  be  a  minor  factor  but  to  insure  con¬ 
sistency,  all  braze  alloy  foil  is  sanded  and  degreased. 

Improved  purging  was  obviously  necessary  due  to  atmosphere 
entrapment  in  the  pocket  areas  of  603FTB035#1.  On  the'-035  #1 
argon  was  introduced  through  a  1/4"  tube  inside  the  barrier. 

The  bottom  pockets  showed  more  discoloration  than  the  top  pockets. 

In  order  to  insure  purging,  a  tube  with  holes  was  placed  in  a 
groove  in  the  base  plate  (See  Figures  2-94,  2-95,  2-96  and  2-97). 

The  holes  provide  argon  in  the  center  of  the  pocket  areas  to 
remove  the  atmosphere  with  a  continuous  flow.  To  improve  the 
top  pocket  purging  a  tube  with  small  holes  was  placed  at  the 
side  of  the  titanium  laminate  so  argon  would  flow  through  the 
slots  on  the  other  side  (See  Figures  2-98  and  2-99).  This  system 
was  implemented  for  the  rebraze  operation  of  half  of  the  603FTB035#1 
panel. 

The  strength  of  the  Ag-Al-Mn  brazements  was  shown  to  be 
dependent  on  the  heating  rate  during  brazing.  At  the  lower 
brazing  temperatures,  slow  heating  rates  produced  low  strength 
brazements.  These  brazements  appeared  spongy  or  grainy.  Their 
microstructures  revealed  large  void  areas  and  incomplete  melting 
along  the  central  braze  line . 

A  study  of  the  experimental  results  in  conjunction  with 
the  silver-aluminum  and  titanium-aluminum  phase  diagrams  offered 
a  metallurgical  explanation  to  this  heating  rate  dependence. 

The  Ag-Al  phase  diagram  shows  that  the  liquidus  temperature 
for  this  alloy  system  rises  very  rapidly  from  1500°F  to  1675°F 
with  variations  in  the  aluminum  content  from  5.57.  to  2.07o. 

Micros  true tural  and  electron  microprobe  analyses  of  braze  joints 
showed  that  a  heterogeneous  reaction  takes  place  between  the 
base  titanium  and  the  aluminum-rich  molten  portion  of  the  braze 
alloy  while  heating  through  the  liquid  and  solid  region  (1400- 
1600°F) .  This  causes  a  wide  compositional  gradient  to  develop 
within  the  braze  line.  Given  sufficient  time,  the  aluminum 
content  along  the  titanium  interface  region  (gamma  layer)  rises 
to  36-44%  with  a  corresponding  drop  in  the  central  braze  line 
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Figure  2-95  603FTB035  RE -BRAZE 


Figure  2-96  603FTB035  RE -BRAZE 
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to  27,.  The  phase  diagram  shows  that  an  alloy  with  this  low 
aluminum  content  will  require  a  braze  temperature  of  1675°F 
to  go  fully  liquid.  If  the  chosen  braze  temperature  is  below 
this  value  the  central  braze  line  with  its  low  aluminum  content 
will  not  go  fully  liquid.  A  spongy,  low-strength  braze  will 
be  produced.  The  experimental  results  showed  that  with  heating 
times  of  60  minutes  or  more  in  the  1400-1600°F  range,  this  condi¬ 
tion  was  produced.  It  could  be  minimized  by  either  reducing  the 
heating  time  (less  aluminum  depletion)  or  increasing  the  maximum 
brazing  temperature  (to  exceed  the  new  liquidus  temperature). 

The  furnace  was  raised  to  1200°F  prior  to  insertion  for 
re-brazing  the  -035#1  half  panel.  Insulation  was  left  on  the 
top  of  the  panel  to  insure  uniform  heating.  Uniform  heating 
was  thought  to  be  necessary  to  prevent  warpage  in  the  braze 
assembly.  The  furnace  control  was  set  at  1625°F  and  the  re¬ 
braze  package  heated  to  the  braze  temperature  faster  than  the 
initial  -035  braze  package.  From  room  temperature  the  initial 
-035  took  five  hours  -  40  minutes  to  reach  a  braze  temperature 
of  1550°F.  The  re-braze  package  heating  time  from  room 
temperature  to  1600°F  was  four  hours  -  10  minutes.  The  time 
to  heat  from  1400°F  to  the  top  braze  temperature  was  80  minutes 
for  the  re-braze  package  compared  to  70  minutes  for  the  initial 
effort.  The  quality  of  the  re-braze  was  better  than  the  original 
though  still  marginal.  The  void  content  of  the  braze  line  was 
high  and  the  flow  was  practically  non-existent  since  the  braze 
alloy  did  not  change  form.  The  braze  joint  was  in  excess  of 
0.005  inch  thick  and  fillets  did  not  exist.  Microscopic  exami¬ 
nation  of  the  braze  joint  indicated  spongy  appearance  related 
to  the  high  void  count. 

Temperature  readings  were  suspect  on  the  initial  -035  braze 
operation  since  the  thermocouples  (T/C)  were  placed  in  the  base 
plate.  One  T/C  was  embedded  in  a  steel  block  on  top  of  the 
vacuum  sheet  with  the  insulation  removed  in  that  area.  The 
T/C's  placed  in  the  base  plate  were  placed  in  CRES  steel  tubes 
seal  welded  on  the  end  and  welded  to  the  retort  wall.  This 
allowed  the  sheathed  T/C  to  be  readily  placed  in  position  and 
removed.  Also  this  arrangement  minimized  the  number  of  tubes 
to  be  handled  and  mechanically  sealed  around  the  T/C.  For  the 
603FTB053  #1  and  #2  brazed  assemblies  the  T/C  CRES  steel  tube 
was  formed  up  through  a  cut  in  the  caul  sheet  and  placed  adjacent 
to  the  center  Titanium  lamina  in  a  pocket.  See  Figure  2-95. 
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The  #1  and  #2  603FTB053  braze  assemblies  were  of  excellent 
quality  with  the  braze  alloy  changing  form  -  going  from  a  foil 
sheet  to  a  liquid.  Wetting  was  excellent  and  fillets  were  con¬ 
sistently  formed. 

For  the  -035  rebraze  half  panel  the  T/C  arrangement  was 
modified.  (See  Figures  2-95,  2-96,  2-97,  2-  98  and  2-100).  T/C's 
#1,  2  and  3  were  placed  in  tubes  formed  to  end  adjacent  to  the 
lower  surface  of  the  center  lamina.  T/C  #4  and  5  were  left  in 
the  base  plate.  Since  only  half  of  the  -035  #1  was  to  be  rebrazed 
the  other  half  was  used  to  dummy  load  the  retort.  In  place  of 
silver  braze  foil,  CRES  steel  sheet  was  used  to  interleave  the 
titanium  lamina.  (See  Figure  2-97).  By  using  1/8  CRES  steel 
sheet  at  the  top  braze  line,  it  was  possible  to  cut  out  slots  and 
place  sheathed  T/C  #6  and  7  geometrically  opposite  T/C  5  and  2. 
(See  Figure  2-97). 

To  check  sheathed  T/C  readings,  unsheathed  glass  cloth 
coated  T/C  #B8  and  #B9  were  routed  through  exterior  tubes  to 
adjacent  locations  with  T/C  #7  and  #6,  respectively.  The 
fragile  nature  of  the  glass  cloth  and  routing  through  the 
holes  and  slots  necessary  to  reach  the  T/C  #7  and  6  location 
shorted  out  T/C  #B8  and  #B9.  T/C  #5  was  lost  due  to  a  leak  in 
the  tube  and  had  to  be  seal  welded  at  the  retort  wall.  Correla¬ 
tion  between  the  remainder  of  the  T/C's  was  very  good.  The  T/C 
#6  and  #7  indicated  a  slower  heating  rate  than  #4  and  #2  which 
led  to  the  conclusion  that  the  Ti  braze  assembly  was  being  heated 
primarily  from  the  bottom.  The  insulation  blanket  is  very 
efficient. 

The  rebraze  half  of  -035  #1,  as  noted  above,  was  not  of 
desirable  braze  quality  but  the  rebraze  operation  produced 
information  on  the  heating  rat.1  and  purging  system. 

Prior  to  the  rebraze  operation  of  -035  #1,  a  wood  mock  up 
of  half  of  the  -035  panel  was  fabricated.  Using  plexiglas  as  a 
cover  sheet  and  smoke  in  place  of  argon,  the  flow  from  the  tube 
purging  system  could  be  observed.  Smoke  was  injected  into  the 
tube  system  after  a  partial  vacuum  was  pulled  on  the  mockup 
retort.  The  smoke  flow  indicated  the  desired  flow  of  the  argon. 

After  the  rebraze  of  -035  #1  it  was  observed  that  the  argon 
tube  in  the  base  plate  injecting  argon  into  the  center  of  the 
pocket  slots  was  much  more  effective  than  the  tube  at  the  side 
of  the  titanium  laminate. 
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Another  observation  was  the  discoloration  of  an  area  adjacent 
to  the  first  two  holes  in  the  lower  argon  tube  indicating  improper 
cleaning  of  the  argon  tubing.  All  tubing  is  now  degreased  with 
150®*’  trichloroethylene. 

Two  .250/. 250  X  7.5  X  12  Ti  panels  were  placed  in  the  first 
and  fourth  slot,  from  the  argon  input  end  of  the  -035  rebraze 
panel.  (See  Figure  2-98).  The  titanium  material  in  these  panels 
was  new.  Some  runout  of  the  silver  braze  alloy  was  observed  and 
the  lap  shear  strength  was  20  to  24  ksi.  The  microscopic  examina¬ 
tion  indicated  a  general  spongy  appearance  and  fairly  wide  braze 
joint  although  not  as  spongy  as  the  -035  rebraze  panel.  Small 
compression  type  shear  specimens  from  the  corners  of  the  rebraze 
panel  indicated  a  shear  strength  of  4  to  24  ksi.  With  small 
specimens,  a  wide  variation  can  be  expected.  NDI  results  indicate 
greatly  improved  quality  compared  to  the  -035  #1  braze.  The  lower 
braze  joint  had  estimated  457.  void  in  the  upper  braze  joint. 

The  analysis  of  the  -035  #1  braze  operation,  the  -035  #1 
rebraze  operation  and  the  Braze  Improvement  Program  Specimen 
Testing  indicated  the  following  changes  for  the  -035  #2  braze 
operation. 

(1)  Minimize  the  penetrations  of  the  retort 

(2)  Improve  cleaning  procedures 

(3)  Improve  the  Argon  Purging  System 

(4)  Increase  the  heat  up  rate  (Target  heat  up  rate 
4°F/min) 

The  use  of  only  five  internal  T/C's  and  one  on  top  in  a 
steel  block  reduced  the  penetrations  of  the  retort  and  improved 
the  handling  of  the  retort  considerably.  (See  Figures  2-100, 

2-101,  2-102and  2-103).  Improved  cleaning  procedures  were  initiated 
a 8  noted  above. 

The  Argon  System  was  changed  primarily  by  shifting  the  top 
argon  tube  to  the  center  of  the  retort.  (See  Figures  2-100,  2-101, 
2-102,  2-103,  2-104,  2-105  and  2-106). 
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WELDED  ON  END  PLAC! 
IN  GROOVE  IN  BASE  PI 
AND  HOLES  DRILLED  FC 
BOTTOM  CUT  OUT  PUR< 


Figure  2-102  603FTB035  #2 


Figure  2-104  603FTB035  #2 
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HOLES  WILL  BE  LOCATED 

AT  EACH  SLOT,  (SHOWN  IN  SECTION  AA 

SKETCH  1,  2  &  3)  IN 
LOWER  AND  UPPER 
ARGON  TUBES 


The  concern  over  the  effect  of  the  argon  tube  on  the  vacuum 
sheet  was  minimized  by  flattening  the  1/4"  tube  to  an  oval  shape 
which  enhanced  the  formability  at  the  ends  of  the  -035  panel. 
Introduction  of  Argon  at  the  center  of  each  center  s?ot  position 
produced  an  argon  flushing  action  to  the  purging  system.  The 
majority  of  the  Argon  gas  is  introduced  into  the  inside  of  the 
barrier.  The  holes  in  the  barrier  for  the  argon  to  flow  from 
the  inside  to  the  outside  were  placed  in  the  opposite  end  of  the 
retort  from  the  vacuum  tube.  The  argon  tubes  were  placed  on 
the  same  end  as  the  vacuum  tube  to  minimize  the  length  and 
handling.  (See  Figures  2-104  and  2-107).  The  changes  improve 
the  purging  action.  These  changes  were  checked  out  with  the  wood 
mockup  prior  to  brazing  -035  #2. 

To  increase  the  heatup  rate  the  insulation  blanket  was 
removed  from  the  top  of  the  retort.  The  insulation  is  used 
primarily  to  prevent  warpage  of  the  Ti  braze  assembly  due  to 
the  rapid  cooling  of  the  CRES  steel  retort  edges  and  rapid 
cooling  of  the  top  Ti  lamina.  The  insulation  was  left  off  during 
the  braze  operation  and  two  layers  were  placed  on  the  retort 
after  removal  from  the  furnace  (1350°F) .  Only  one  layer  was 
necessary,  however,  since  the  panel  cooled  from  the  bottom  due 
to  the  efficiency  of  the  insulation  and  a  slight  bow  was  noticed 
in  the  -035  #2  braze  assembly.  With  the  removal  of  the  insulation 
preheating  of  the  furnace  to  1400°F  and  setting  the  controls  on 
1650*F  (maximum  on  this  furnace)  the  package  heated  rapidly. 

For  a  time-temperature  plot  of  603FTB035#2,  see  Figure  2-108. 

From  the  braze  improvement  program  specimens  and  review  of 
previous  successful  braze  packages  (603FTB053,  etc.)  it  was 
evident  a  heat  up  rate  from  1400°F  to  the  braze  temperature 
would  need  to  be  near  4®F/min. 

The  actual  time  from  1400°F  to  1598°F  (#2  T/C)  was  53 
minutes  or  approximately  3.8°F/min,  This  heat  up  rate  was 
approximately  5*F/min.  through  the  solidus  to  liquidus  range 
of  the  braze  alloy.  The  results  were  that  the  braze  alloy 
changed  form  completely  going  from  a  foil  sheet  (.005  thick) 
to  a  liquid  and  produced  excellent  wetting.  Fillets  were 
found  in  the  pockets  (100%  top  and  bottom).  For  wetting  of 
this  nature  to  occur,  very  good  cleaning  was  obvious  and  purging 
was  the  best  obtained  to  date. 
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Lap  shear  specimen  from  the  .250/. 250  X  7.5  X  12  panel 
placed  in  the  cutout  produced  an  average  of  20  KSI  plus. 
Compression  shear  strength  from  a  corner  of  the  actual  panel 
was  24  KSI  plus.  The  microanalysis  indicated  a  .003  to  .004" 
thick  braze  joint  and  a  minimum  of  voids  and  an  excellent 
reaction  area  between  the  silver  and  titanium.  NDI  results 
indicate  90%  minimum  braze  on  both  top  and  bottom  braze  joints. 


2. 4. 4. 2  Brazing  Allo^ 


The  Ag-Al-Mn  brazing  alloy  used  to  braze  all  titanium 
laminates  and  assemblies  was  procured  from  Western  Gold  and 
Platinum  Company,  525  Harbor  Blvd.,  Belmont,  California,  94002. 
The  silver  alloy  foil  was  produced  in  approximately  100  troy 
ounce  lots  supervised  by  their  laboratory  personnel  using  extra 
care  to  control  the  manganese  content.  The  quality  of  the  foil 
was  generally  good  except  for  a  small  percentage  of  the  first 
foil  produced  which  had  oxide  scale  rolled  into  the  surface. 

The  producer  eliminated  this  problem  as  soon  as  it  was  brought 
to  his  attention. 


During  the  lay-up  of  the  first  603FTB035  assembly,  a 
feature  of  the  braze  foil  was  noticed  that  had  escaped  attention 
previously.  Due  to  the  size,  4  foot  x  10  foot,  of  each  braze 
joint,  the  .005"  X  3.00"  X  random  length  foil  was  layed  in 
strips  in  the  10  foot  length.  It  was  noticed  that  the  strips 
of  foil  were  not  straight.  If  the  strips  were  pulled  straight 
parrallel  to  the  10  foot  edge  of  the  titanium,  wrinkles  resulted. 

To  minimize  the  wrinkles  the  foil  was  cut  in  approximately  2  foot 
lengths.  Discussion  with  the  producer  indicated  the  cause  of 
the  strips  of  foil  being  crooked  was  uneven  tension  on  the  roller 
that  pulled  the  foil  through  the  slitter.  This  problem  is  unique 
to  large  braze  joint  areas  and  has  been  corrected. 

A  compilation  of  pertinent  data  on  the  braze  foil  is  found 
in  Table  II-32-.  Good  uniformity  in  chemistry  results  in  uniformity 
in  solidus  (1410  to  1440°F)  and  liquidus  (1495  to  1525°F)  melting 
temperature.  Lot  19042  is  excluded  since  the  thickness  was  .002 
and  was  never  used  in  other  than  3  inches  X  3  inches  specimens. 


2. 4. 4. 3  Stress  Corrosion  of  Brazed  Joints 

Beta  annealed  6A1-4V  titanium  brazed  with  Ag-Al-Mn  alloy  is 
subject  to  sustained  load  stress  corrosion  delamination  in  a 
sump  tank  water  environment.  Delamination  occurs  at  the  braze 
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Note:  Convair  check  analysis  was  made  on  the  Ag  and  Mn  and  A1 
obtained  by  mathematical  deduction. 


interface.  No  evidence  of  base  metal  cracking  has  been  observed. 
Results  from  51  single  lap  shear  specimens  brazed  using  a  wide 
range  of  processing  variables  indicate  that  the  stress  corrosion 
threshold  is  at  least  4  ksi  as  shown  in  Figure  2-109. 

Metallurgical  studies  suggest  that  the  threshold  level 
may  be  a  function  of  braze  interface  concentration  (of  Ag  and  Al) 
gradients.  Minimum  concentration  gradients  and  the  best  stress 
corrosion  delamination  resistance  centred  in  panels  with  extensive 
reaction  between  the  braze  siloy  and  the  base  netal.  Fast  thermal 
cycles  maximized  susceptibility  're;  "ice  vers*. 

Microsc0*^  ns  -..i  stress  corrosion  test  (SCC)  specimens 
from  MR&D  brazed  panels  #11  •  *.d  #25A  and  603FTB035  #1  and  #2 
brazed  component  test  asservl/  to  are  shown  in  Figures  2-110 
thru  2-113,  -espeo  lively .  The  microsection  from  prnel  #11 
Figure  2-110)  indicate?  a  minimal  reaction  zone  between  the 
braze  alloy  and  titanium  'showing  some  y  phase  with  no  apparent 
a  zone.  This  pane!  was  b.ozvd  :-t  1550°F  and  was  above  1400^ 
only  28  ninutv*.  The  heating  *mcc  between  1400  and  15003F  was 
10°F/min.  unstained  load  SCC  testing  (see  Group  I)  at  12KSI 
in  sump  tank  water  failed  5  of  the  6  specimens  prior  to  1000 
hours.  The  microsec tior.s  from  panel  #25A  and  603FTB035#2  have 
a  specific  a  and  y  zone  and  a  wide  reaction  area  between  the 
braze  alloy  and  titanium.  Panel  # 25A  was  brazed  at  1550°F  with 
a  total  time  above  140C°F,  of  55  minutes.  The  603FTB035#2  panel 
was  brazed  at  1598°F  with  a  total  time  above  1400®F  of  75 
minuses.  The  heating  rate  of  #25A  and  -035#2  between  1400  and 
1500#F  was  3.3°F/min.  and  7.15®F/min.,  average,  respectively. 

SCC  specimens  from  #25A  and  -035#2  endured  for  1000  hours  at 
12  and  8K-.X  sustained  load,  respectively,  Some  evidence  of 
SCC  attack  was  found  on  the  interface  region  of  some  of  the 
brazed  joints.  The  extent  of  actual  stress  corrosion  attack 
was  complicated  by  small  void  areas  in  some  specimens. 

The  braze  thermal  cycle  used  to  produce  the  -035#2  test 
component  is  close  to  the  optimum  thermal  cycle.  Specimens  taken 
from  the  .250/. 250  X  7.5  X  12  panel  brazed  with  this  component 
have  satisfactory  corrosion  deiamination  resistance.  Three  speci¬ 
mens  were  tested  at  8KSI  for  1096  hours  (as  noted  above) .  Upon 
completion  of  the  test,  the  specimens  were  loaded  statically  to 
failure  and  examined  for  evidence  of  sub-critical  stress  corrosion 
delamination.  The  lap  shear  strengths  were  22.9  KSI,  22.3  KSI  and 
14.3  KSI  with  the  latter  showing  some  evidence  of  corrosive  attack 
at  the  braze  joint. 
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Figure  2-112  MICROSECTION  OF  BRAZE  LINE  REMOVED  FROM 
603FTB035  #1  PANEL,  750X 


Figure  2-113  MICROSECTION  OF  BRAZE  LINE  REMOVED  FROM 
603FTB035  #2  PANEL,  750X 
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2. 4. 4. 4  Brazing  Thermal  Cycle 

The  braze  thermal  cycle  required  to  consistently  provide 
braze  joints  with  excellent  shear  strength  and  stress  corrosion 
delamination  is  shown  in  Figure  2-114.  The  boundaries  in 
Figure  2-114  define  acceptable  heat  rate,  braze  temperature, 
hold  time  and  cooling  rate.  The  heating  rate  up  to  1400°F  and 
the  cooling  rate  below  1400°F  are  assumed  to  have  little  effect 
on  the  resulting  braze  joint. 

To  heat  a  large  heavy  retort  package,  preheating  the  furnace 
to  the  braze  temperatuv.  • •  recommended  to  achieve  a  sufficient 
heating  rate  in  the  range  of  i4i  ’‘F  to  1580#F.  The  time -temperature 
(T-T)  boundaries  show;-  Figure  2-114  were  established  using  the 
T-T  curves  from  the  bi\iZ':d  assemblies  and  the  SCC  test  data. 

Faster  heating  rates  than  8°F/minute  produce  wetting  of  the 
silver  braze  alloy  on  the  titanium  (See  Figure  2-112)  and  adequate 
shear  strength,  however,  the  stress  corrosion  delamination  re¬ 
sistance  is  very  low.  Heating  rates  slower  than  3.8°F/minute 
between  1400°F  and  1500#F  do  not  produce  a  braze  joint  of  accept¬ 
able  quality  and  shear  strength  (See  Figure  2-112).  To  ensure 
complete  melting  of  the  brazing  alloy,  the  minimum  temperature 
was  set  at  1580°F.  As  explained  in  Section  V,  the  melting  point 
of  the  alloy  increases  as  the  heating  rate  decreases.  The  total 
time  above  1400tfF  was  set  at  55  minutes  minimum  because  panels 
25A,  14A,  4  and  7  which  had  good  stress  corrosion  delamination 
resistance  were  above  1400°F  for  55  to  65  minutes.  The  90  minute 
maximum  time  above  1400°F  was  set  on  the  basis  of  the  anticipated 
cycle  achievable  for  brazing  the  fullscale  lower  plate  but  no 
tests  were  conducted  to  confirm  this  time  interval.  The  T-T 
braze  curve  for  603FTB035#2  is  superimposed  on  Figure  2-114  to 
show  the  relation  of  an  actual  braze  cycle  to  establish  boundaries. 

2.4.5  Welding  Development 

The  electron  beam  (EB)  welding  process  for  beta  annealed 
6A1-4V  titanium  has  been  established.  Test  assemblies  have 
been  welded  and  the  evaluation  test  program  has  been  completed. 

The  test  data  compares  favorably  with  data  generated  by  Boeing 
Company  on  the  same  alloy  during  the  Supersonic  Transport  Program. 
GTA  welding  of  10  Nickel  steel  has  been  accomplished  and  a 
production  process  established.  The  test  program  for  this  process 
on  10  Nickel  steel  has  also  been  completed.  The  data  for  both  of 
EB  welded  titanium  and  the  GTA  weld  10  Nickel  steel  is  being 
included  in  the  Materials  Property  Data  Report  and  static  design 
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Figure  2-114  AMAVS  BRAZING  CYCLE  TIME-TEMPERATURE  BOUNDARIES 


allowables  and  fracture  mechanics  properties  based  on  this 
data  is  shown  in  Table  11-33.  The  fatigue  and  crack  growth 
data  is  included  in  subsection  2.3  of  this  report. 

Election  beam  welding  of  10  Nickel  steel  is  also  desirable 
for  producing  joints  in  thick  sections.  Welding  of  1/2"  and  1" 
thick  section  has  not  presented  a  problem  and  weld  parameters 
are  tentatively  established.  EB  welding  of  1.6-inch  thick  material 
using  present  procedures,  however,  has  presented  a  cracking 
problem.  The  cracks  are  found  in  the  center  of  the  depth  of  the 
weld  joint.  A  transverse  cross-section  of  the  weld  joint  shows 
the  width  of  the  center  of  the  joint  to  be  greater  than  the  top 
or  bottom.  The  heat  transfer  coefficient  for  10  Nickel  steel  is 
different  than  that  for  D6ac  steel  which  was  used  for  establish¬ 
ing  the  parameters  used  to  date.  The  high  cobalt  content  of 
the  10  Nickel  steel  changes  the  heat  transfer  coefficient  and 
therefore  the  parameters  for  heavy  sections  must  be  modified. 
Additional  processing  parameter  studies  are  required. 


2.4.6  Adhesive  Bonding  Development 

Confirmation  testing  of  aluminum  adherends  using  the  PL  717B 
adhesive  and  PL  718  corrosion  inhibiting  primer  has  been  com¬ 
pleted.  Lapshear,  peel,  and  flatwise  tension  tests  were  con¬ 
ducted.  Data  indicated  no  particular  difference  in  strengths 
when  using  primer,  and  peel  data  was  not  sensitive  to  primer 
thickness.  The  peel  strength  was  of  interest  because  some 
corrosion  inhibiting  systems  reduce  peel  strength.  As  noted, 
this  is  not  the  case  with  PL  717B  adhesive  and  PL  718  primer. 

No  processing  problems  are  anticipated  with  the  system  during 
component  fabrication.  The  test  data  will  be  included  in  the 
Materials  Property  Data  Report. 


2.4.7  Materials  and  Processes  Specifications 

A  number  of  specifications  are  required  to  cover  new 
materials  and  processes  and  speciality  items  required  for  the 
AMAVS  program.  A  list  of  these  which  have  been  written  for 
this  program  is  shown  in  Table  11-34.  These  documents  will  be 
released  progressively  as  the  drawings  requiring  their  use  are 
released,  however,  all  but  four  have  been  completed. 
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Table  11-33  DESIGN  ALLOWABLES  FOR  WELD  JOINTS 


Beta  Annealed 
6A1-4V  Ti 

10  Nickel 
Steel 

Weld  Joint  Efficiency 

857. 

857. 

KIC  (KSI  finch)  Typ. 

72 

N.A. 

KIscc  (KSI  ftaTh)  Typ. 

60 

N.T.P. 

N.A.  *  Not  Available 
N.T.P.  »  No  Test  Planned 

6A1-4V  Ti  EB  Welded 
10  Nickel  Steel  GTA  Welded 


TABLE  11-34 
AMAVS  SPECIFICATIONS 


Number 


Title 


X7223990 

X7224194 

X7224195 

X7224196 

X7224197 

X7224198 

X7224199 

FMS-1108 

FMS-1109A 

FMS-1111 

FMS-1112 

FMS-1113 

FMS-1114 

FMS-1115 

FMS-1116 

FPS-1074 

FPS-1092 

FPS-1093 

FPS-1094 

FPS-1095 

FPS-1096 

FPS-1097 


Exterior  Finish 

7050  Aluminum  Alloy  Special  Billet  Procurement 
Specification 

7050  Aluminum  Alloy  Billet  Special  Process 
Treatment 

Sealant  Application 

Adhesive  Bonded  Panel  Detail  Preparation 
Identification  of  Parts 
Material  Traceability  Procedures 
Aluminum  Alloy,  7050  Sheet  and  Plate 
Titanium  Alloy,  6A1-4V,  Beta  Annealed 
Steel  Alloy,  10Ni-2Cr-lMo-8C0  (10  Nickel)  Bar, 
Forged  Billet  and  Plate 
Wire,  Welding  -  Type  10  Nickel 
Titanium  Alloy,  3Al-8V-6Cr-4Mo-2Zr  (Beta  C) 
Brazing  Alloy,  Silver-Aluminum-Manganese,  Strip 
Welding  Wire,  6A1-4V  Titanium  Alloy,  E.L.I. 
Adhesive,  250°F  Cure,  180°  Service 
Welding,  Electron  Beam,  General  Specification 
Adhesive  Bonding  °rocess 
Al-Mn  Plating  Process 
Furnace  Brazing  Process 
GTA  Welding  Process 

Heat  Treatment  and  Processing  Requirements, 

10  Nickel  Steel 

Inspection  Processes  and  Acceptance  Standards 
for  Welded  Joints 
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2.4.8  Corrosion  Prevention  System 

The  corrosion  prevention  requirements  for  the  AMAVS  program 
are  described  in  detail  in  FZM-6183,  "Corrosion  Prevention  Require¬ 
ments,  AMAVS  Program,  Contract  F33615-73-C-3001",  dated  23  August 
1973.  The  finishing  procedures  contained  in  FZM-6183  comply 
with  the  requirements  of  MIL-E-7179D  and  MIL-S-5002C  and  are 
compatible  with  those  required  by  Rockwell  International  for 
the  B-l. 

A  pilot  scale  aluminum-manganese  alloy  plating  facility  is 
in  operation  and  has  been  used  to  plate  approximately  400  high 
strength  H-ll  tapered  shank  fasteners  for  the  AMAVS  component 
test  program.  The  aluminum  manganese  alloy  plating  will  be  used 
in  lieu  of  cadmium  on  high  strength  H-ll  fasteners  installed  in 
titanium  alloy  structures. 
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2.5  WEIGHTS 

Weight  estimates  are  shown  for  the  FSIL  and  NBB  configura¬ 
tions  in  Tables  11-35  and  11-36  by  structural  elements.  The 
total  weight  of  12054.0  pounds  for  the  FSlL  is  12.4%  less  than 
the  baseline.  The  total  weight  of  12508.4  pounds  for  the  NBB 
is  9.17o  less  than  the  baseline.  These  estimated  weights  are 
also  shown  by  material  breakdown  in  Figures  2-115  and  2-116. 

These  reported  weights  include  allowances  to  provide  an 
aircraft  compatible  installation.  Updated  loads,  conditions, 
and  interfaces  are  included  in  this  compatibility. 

The  impact  of  individual  items  on  the  FSIL  configuration 


pounds  above  the  Phase  lb  estimate  after  incorporating  the  updated 
baseline  data.  However,  significant  configuration  changes  were 
incorporated  simultaneously  with  the  baseline  update. 


A 


Pounds 

! 

Phase  lb  -  AFFDL  TR-73-40  p.  2-434  (FSRL) 

11168 

j 

1 

10%  Gross  Weight  Increase 

500* 

Update  Loads 

284* 

■f 

i 

1 

Fairing  Support  Ribs 

76* 

f 

1 

a 

Non-optinrim  allowance 

224 

1 

1 

Change  to  integral  lug 

-52 

1 

1 

Phase  II  Expected  Weight  for  FSIL 

12200 

■55 

! 

Current  Status  for  FSIL  (Fig.  1) 

12054 

* 

§ 

*Remove  task  change  from  current  status  for 

♦ 

s 

ft 

comparison  with  Phase  lb  target 

-860 

£ 

i 

Current  status  for  comparison  with 

Phase  lb  target  of  11168. 

11194 

1 

i 

f 

The  current  status  of  the  NBB  configuration  is 

only  100 

I 

% 
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WEIGHT  SUMMARY 
119 


STRUCTURAL  9** 
LOWtR  PL AT c 
COVER 

lugs 

UPPER  PuATs. 
COVER 
lUGS 

80l.KP.EADS 

3^2  3ULKHEAD 
lUl  BULKHEAD 
bulkhead 
BUlKhE  A J 
3ULKHE AO 


362 
977 
992 
KA  3S 

J 

39 
34 
UC 


BUTTuINE 
dUTTLlNi 
OUTTuINE 
BUTTuINi 
miscellaneous 
MISCELLANEOUS 
FITUN&S 

XF72  TRUNNION 
XF95  TrUNNION_ 

992  SIDE  BRACE 
MlG  DRAG  3RAC& 
wING  S'WEtP  ACT 
PIN/ShaAR/nAC 
XF.'  LONGERON  HF 
LONGERON  loWER 
LONGERON  UPPER 
LONGERON  23  u£G 

longeron  oorsal 
lUG  rib 
subtotal 

MISCELLANEOUS 
SUBTOTAL 
UPPlR  FAIRING 
uQWER  FAIRING 
cXTERIOR  FINISH 
FILLETS 

PROVISIOnS-FUEl 

ptvOVlSiuNS-HTU 
PKOVlSIONS-AUX  G 
PROVlSIOnS-cLiO 

TOTAl 


1697  •  9 
92f « a 
0.2 
933.3 
493.6 
u .  j 
493.6 
39.4 
C.O 
G  •  3 
9.3 

o.G 

39.4 
3C9.3 

0.0 
0.0 
«i.O 
309. 8 
124. 2 

124.2 
1967  «  * 

i» .  n 
4.3 
0.0 
3 .  u 

113.4 
1440. ”» 

O.A 

313.2 
24.4 

a.-* 

o.- 

7  b.  4 
3365.3 

2.5 

2.5 

9.4 

j  •  J 
0 .4 
3.0 

2.5 
3.3 
0.3 
0.0 
J  •  >J 

3  3b7 . 8 


84  -119 

J  -  34 

TOTAL 

INTEjsMOT  z 

ClNTER 

STR 

2-t9+.  1 

3779.  6 

8l7 1. 5 

337.7 

1179.2 

2d97.7 

687.7 

1179. 2 

2C6  6.  9 

J.  j 

•J.  V 

933.  8 

711.6 

728.  8 

193  3.9 

711.6 

728.8 

14+3.  3 

j.  T 

J.  C 

493.  b 

6  >  +  •  o 

1309. 9 

195  3.9 

277.1 

41 7.  6 

694.  8 

23.  J 

269.  6 

297.9 

t  ft 

IVMLMIE  TO  DOC  DOES  NOT 

IIT  full?  PROO* 


a  •  i 
38.  T 
261.4 
24). 1 
4.4 

j.  J 

244.1 

8.3 

54.1 
5T.  a 
505.9 
T.  J 

123.1 
J.3 
1.1 

336.3 
0.  J 
0.0 
•3.0 
-.3 

1.4 

0.4 

1.1 

2999.3 

Is.  3 
l5. 8 

3.6 

3.7 
Z.i 
j.  J 
3.  J 
~.T 

4.1 
<J  •  J 

0.  J 
3;.  i5.i 


j.r 
79.  3 
543.  2 
3ol.  2 
148.  9 
262.  6 
J.  3 
a.G 
Id  J.  5 

183.5 
97 8.  3 
161.9 

4.4 

242.  4 

199.6 
a.  0 
4.0 

41.4 
J  •  b 
J.  0 

mO.I 
185.  9 
9.  u 
4757.  9 

413.  2 
413.2 

111. 4 

166#  4 
4.  4 

15. 1; 
77.5 
2.  0 
IS.  G 

20.4 
k)«  U 

5171.1 


117.  3 
6+4.  0 

931.1 
l+o.  9 

232.3 
24  3.1 
30  9.8 
35  4.  8 
554.  8 

3+51.  5 
159.  9 

123. 1 

242.4 
id9.  6 
499.  4 

1443. S 
+  1.  4 

313.2 

1 4. 1 

14  3 . 0 
135.0 
76.4 
11623. 9 

431.0 
+31.  0 
114.  C 
1 73.  0 
4.  A 
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2 . 6  CONFIGURATION  RATINGS 


The  merit  rating  equation  and  the  grading  system  developed 
in  Section  II,  Volume  II,  of  AFFDL-TR-73-40  were  applied  to  the 
two  WCTS  configurations.  Grades  for  each  major  category,  with 
the  exception  of  Technology  Advancement,  are  shown  in  Tables  11-37 
through  11-40.  Technology  Advancement  was  rated  equal  for  the 
configurations  and  a  grade  of  6.0  was  assigned  for  this  category. 

Table  II-  37  EFFICIENCY  GRADE 


CONFIGURATION 

%  WEIGHT 
REDUCTION 

%  COST 
REDUCTION 

N 

COST 

NEFF. 

FSIL 

12.42 

5.97 

33.15 

7.63 

6.97 

NBB 

9.11 

4.64 

35.0 

8.00 

6.66 

Table  11-38  INTEGRITY  AND  RELIABILITY  GRADE 


SUB -CATEGORY  CONFIGURATION 

GRADES  - 


FSIL 

NBB 

STATIC  STRENGTH  RESERVE 

0 

0 

nstatic 

1.0 

1.0 

%  FASTENER  REDUCTION 

69.7 

70.8 

Nfatigue 

7.97 

8.08 

DAMAGE  TOLERANCE  SCORES 

MULTIPLE  LOAD  PATHS 

1.5 

0.0 

PLANE  STRESS  FRACTURE 

2.0 

2.0 

PLANE  STRESS  FRACTURE 

1.5 

2.0 

SAFE  CRACK  GROWTH 

2.0 

1.2 

LEAK  BEFORE  BREAK 

1.0 

0.0 

FAIL  SAFE 

1.0 

C.O 

N  =  N 

SCG  DAM.  TOL. 

8.0 

5.2 

N 

INTEG 

6.59 

5.22 

Table  II -.39  ILITIES  GRADE 
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Table  11-40  CONFIGURATION  RATINGS 


2.7  CONFIGURATION  SELECTION 


Based  on  the  configuration  ratings  of  subsection  2.6,  the 
FSIL  configuration  was  recommended  as  the  configuration  to  be 
manufactured  in  Phase  III  of  the  AMAVS  Program.  A  Phase  II 
Design  Review,  attended  by  AFFDL,  AFML,  ASD  and  contractor 
personnel,  was  held  to  review  the  two  designs  and  select  the  . 
configuration  to  be  manufactured.  After  this  review,  the  NBB 
was  selected  for  Phase  III. 

Selection  of  the  NBB  configuration  was  based  on  the  follow¬ 
ing  major  points: 

1.  The  two  designs  were  rated  equal  by  AFFDL,  AFML,  and  ASD 
personnel.  Both  were  considered  to  be  good  designs  which 
met  the  program  objectives. 

2.  There  are  fewer  manufacturing  problems  anticipated  for  the 
NBB  configuration.  The  risk  in  the  development  of  the  braz^g 
process  was  considered  to  be  high  in  comparison  to  the  expected 
pay-off. 

3.  It  was  also  felt  that  the  stresses  induced  in  the  braze 
line  were  not  sufficiently  high  to  prove  the  worth  of  the 
braze  in  this  application.  This  concern  was  the  result  of 
the  basic  design  philosophy  of  using  mechanical  fasteners  at 
all  points  of  load  transfer  in  the  FSIL  configuration. 


SECTION  3 


TESTING 


3.1  MATERIALS  TESTING 

Materials  testing  as  required  to  support  the  detail  design 
and  analysis  effort  was  started  in  Phase  lb  and  was  essentially 
complete  at  the  end  of  Phase  II.  This  testing  is  defined  in 
AFFDL-TR-73-40  and  AFFDL-TR-73-77 .  Significant  test  results  are 
presented  in  Section  2.4  of  this  report.  The  complete  results  of 
this  testing  are  being  reported  to  the  Air  Force  Flight  Dynamics 
Laboratory  in  General  Dynamics  Report  No.  FZM-6148. 


3.2  COMPONENT  TESTING 

During  Phase  II  a  folloxv-on  component  test  program  was 
established.  This  series  of  tests,  called  Group  II  Tests, 
was  established  to  verify  the  structural  integrity  of  typical 
proposed  hardware  for  the  two  configurations  of  WCTS,  the  "No- 
Box"  Box,  and  the  FSIL.  A  summary  of  the  Group  II  Component 
Test  Program  is  shown  below. 


/ 


Group  II  Tests 


Test 

Config. 

Dwg. 

No. 

No .  of 
Specs . 

Type  of  Test 

Crack  Growth  Test 
Lower  Plate 

FSIL 

603FTB033 

6 

Crack  Growth 

Damage  Tolerance 
Lower  Surface 

FSIL 

603FTB035 

1 

Damage  Tolerance 

Upper  Surface 
Compression 

FSIL 

J3FTB034 

1 

Static 

Lower  Aft 
Centerline  Splice 

"No-Box" 

603FTB052 

2 

Fatigue 

Lower  Centerline 
Splice 

FSIL 

603FTB053 

2 

Fatigue-Static 
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3.2.1  Test  Results 


3. 2. 1.1  Crack  Growth  Test  Lower  Plate  (Dwg.  No.  603FTB033) 

The  braze  assembly  shown  on  this  drawing  was  cut  up  to 
produce  several  test  specimens  (Figure  3-1).  The  purpose  of  the 
test  was  to  provide  information  for  the  type  of  flaw  to  create 
on  the  damage  tolerance  test  (603FTB035)  and  to  prove  that  a 
crack  in  the  center  plate  would  not  cross  the  braze  lines  into 
the  reinforcing  bars.  Specimen  A-l  was  edge  saw-cut  as  shown  in 
Figure  3-2.  The  specimen  was  constant  amplitude  cycled  at  a  load 
which  caused  stress  equal  to  Ftu  on  the  edge  of  the  reinforcing 
bar.  After  14  cycles  of  this  loading  a  crack  had  initiated  at  the 
edge  of  the  saw  cut  and  progressed  to  the  edge  of  the  bar.  At 
this  point,  constant  amplitude  cycling  was  stopped  and  spectrum 
cycling  was  started.  Cycling  was  continued  until  one  service 
life  had  been  accomplished.  The  specimen  was  then  static  tested 
to  failure.  Failing  load  was  244,000  pounds.  This  load  exceeds 
the  predicted  load,  based  on  nominal  specimen  geometry  and  a  fully 
plastic  bending  stress  distribution,  by  about  40%.  The  larger 
than  predicted  failing  load  was  the  result  of  inelastic  deformation 
of  the  specimen  which  caused  the  net  section  of  the  specimen  to 
be  more  nearly  in  line  with  the  load  points. 

Examination  of  the  failed  specimen  showed  that  the  crack  in 
the  center  plate  had  progressed  approximately  two -thirds  of  the  way 
under  the  bar,  but  the  crack  had  not  crossed  the  braze  lines  into 
the  reinforcing  bars. 

Specimens  B-l  and  B-2  contained  semi-circular  surface  cracks 
in  the  center  plate.  Cracks  were  created  by  eloxing  and  flexure 
of  the  center  plate  prior  to  brazing  the  assembly.  Both  specimens 
were  spectrum  fatigue  tested  identically  using  a  48.22  cycle  per 
flight  spectrum. 

Specimen  B-l  was  tested  for  one  service  life,  after  which 
fatigue  cracks  were  discovered  in  the  load  pin  hole.  The  hole 
was  bored  out  and  the  width  of  the  center  plate  was  reduced. 

Testing  was  resumed  with  the  applied  fatigue  stresses  increased 
by  a  factor  of  1.33.  The  specimen  failed  through  the  loading 
hole  after  549  flights  of  this  loading. 

Specimen  B-2  was  also  reworked  after  one  service  life. 

Testing  was  resumed  with  the  applied  fatigue  stresses  increased 
by  a  factor  of  1.33.  Failure  occurred  in  the  test  section  after 
1031  flights  of  this  loading.  Failure  was  due  to  independent 
fatigue  of  each  of  the  three  layers. 
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The  Type  C  specimens  each  contained  a  corner  crack  in  the 
center  plate  in  a  hole  which  was  drilled  through  all  three 
thickness.  The  crack  was  created  by  eloxing  and  flexure  of  the 
center  plate  prior  to  brazing  and  drilling  the  specimen. 

The  two  specimens  were  tested  identically  using  a  48.22 
cycle  per  flight  fatigue  spectrum.  Specimen  C-l  failed  through 
the  load  pin  hole  after  one  service  life,  plus  1166  flights. 
Specimen  C-2  failed  in  the  test  section  after  one  service  life, 
plus  600  flights.  Failure  was  due  to  independent  fatigue  of 
each  of  the  three  layers. 


3 . 2 . 1 . 2  FSIL  -  Lower  Surface,  Damage  Tolerance  Test  (Dwg . 

No.  603FTB035) 

This  specimen  represented  a  cross  section  of  the  lower 
surface  of  the  FSIL  configuration  in  the  region  between  Xf  =  84, 
and  the  closure  rib.  Actual  production  material  thicknesses 
were  used.  Because  the  magnitude  of  the  loads  required  to  test 
the  specimen  exceeded  the  capacity  of  the  General  Dynamics 
testing  equipment,  the  specimen  was  tested  at  Southwest  Research 
Institute  in  San  Antonio,  Texas.  Figure  3-3  shows  the  specimen 
installed  in  the  test  rig. 

The  specimen  had  a  5-inch  long  elox  slot  through  the  web 
of  one  of  the  interior  bays.  The  specimen  was  cycled  63  times 
from  0  to  1107c  of  limit  load,  which  resulted  in  the  growth  of 
cracks  from  the  ends  of  the  elox  slot  to  almost  the  full  width 
of  the  bay. 

The  specimen  was  then  cycled  to  one  quarter  of  a  service 
life,  using  an  accelerated  spectrum  of  3.22  cycles  per  flight. 
This  did  not  result  in  any  further  extension  of  the  cracks. 

Following  the  fatigue  cycling,  the  specimen  was  loaded  to 
limit  load.  No  additional  crack  growth  was  observed.  Finally, 
the  specimen  was  loaded  to  ultimate  load,  3  x  10^  pounds.  During 
this  loading  the  cracks  extended  under  the  bars. 

An  X-ray  inspection  following  the  test  showed  that  the  crack 
had  progressed  to  about  2/3  of  the  way  under  the  forward  bar  and 
about  1/2  of  the  way  under  the  aft  bar.  Ultra-sonic  inspection 
also  revealed  very  local  delamination  of  the  braze  lines  in  the 
region  of  the  crack  extensions. 


3-3  603FTB035  TEST  SPECIMEN  IN  TEST  FIXTURE 


The  specimen  was  designed  to  represent  the  area  of  the 
upper  surface  of  the  FSIL  between  the  closure  rib  and  bulkhead 
84,  and  between  the  front  spar  and  =  947.  In  order  to  simu¬ 
late  the  normal  support  given  to  the  upper  surface  by  the  spars 
and  bulkheads  of  the  WCTS,  a  fixture  was  designed  that  gives 
this  support,  but  does  not  absorb  any  of  the  applied  axial  load. 
This  fixture  is  shown  in  Dwg.  No.  603FTB034.  Figure  3-4  shows 
the  specimen  installed  in  the  1,000,000  pound  test  machine  at 
General  Dynamics 


It  was  estimated  that  800,000  to  1,000,000  pounds  of 
applied  load  would  be  required  to  satisfy  the  requirements  of 
the  design.  The  specimen  was  loaded  to  the  1,000,000-pound 
capacity  of  the  machine  with  no  failure,  and  with  no  apparent 
permanent  deformation. 


3 . 2 . 1 . 3  Lower  Aft  Rail,  Centerline  Splice,  "No-Box"  Box 
(Dwg.  No.  603FTB05?) 


This  specimen  design  represented  the  splice  at  the  center- 
line  of  the  lower  aft  rail  of  an  earlier  configuration  of  the 
"No-Box"  Box.  Both  specimens  were  tested  to  four  service  lives 
using  a  48.22  cycle  per  flight  fatigue  spectrum.  Figure  3-5 
shows  the  specimen  installed  in  the  test  fixture. 


Following  completion  of  the  four  lives  of  testing,  the 
loading  was  changed  on  specimen  No.  2  to  an  accelerated  spectrum 
consisting  of  3.22  cycles  per  flight.  Testing  was  continued  on 
this  specimen  until  failure  occurred  at  the  equivalent  of  9.6 
lives . 


3.2. 1.4  Centerline  Splice,  Fuel  Pump  Holes,  FSIL  (Dwg.  No. 
603FTB053) 


This  specimen  design  represented  the  centerline  splice  of 
the  lower  surface  of  the  FSIL  in  the  second  bay  forward  of  the 
rear  spar  in  the  region  of  the  cutouts  for  the  fuel  pump  holes. 
Both  specimens  were  tested  to  six  service  lives  using  a  48.22 
cycle  per  flight  spectrum.  Figure  3-6  shows  one  of  the  specimens 
installed  in  the  test  fixture. 
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Specimen  No.  2  was  then  continued  in  test  using  an  accelerat¬ 
ed  spectrum  of  3.22  cycles  per  flight  for  an  additional  2.03 
service  lives  at  which  time  a  fixture  failure  stopped  the  test. 

The  specimen  was  then  installed  in  the  1,000,000  Lb.  test  machine 
for  static  loading.  The  required  static  load  capability  of  the 
specimen  is  750,000  Lbs.  The  specimen  was  loaded  three  times 
to  the  1,000,000  Lb.  capability  of  the  test  machine.  No  failure 
occurred,  and  no  permanent  deformation  was  noted. 


3.3  FULL  SCALE  TESTING 

Testing  is  to  be  accomplished  on  a  full-scale  WCTS  of  the 
configuration  chosen  at  the  end  of  Phase  II.  This  testing  will 
be  accomplished  at  AFFDL  in  the  test  setup  shown  in  Figure  3-7. 
General  Dynamics  will  provide  test  planning,  test  fixtures, 
and  the  test  article,  and  AFFDL  will  provide  test  equipment 
and  perform  the  testing.  A  definition  of  the  planned  testing 
is  presented  in  AFFDL-TR-73-40  along  with  a  description  of  the 
physical  setup  to  be  used  for  this  testing. 


3.3.1  Progress  During  Phase  II 

A  plan  vss  developed  for  manufacturing  the  full-scale  test 
fixture,  shipping  it  to  AFFDL,  and  reassembling  it.  This  plan 
involves  three  shipments  of  hardware  as  shown  in  Figures  3-8,  3-9, 
and  3-KX  The  initial  shipment  will  allow  early  installation 
and  checkout  of  loading  systems  and  of  some  data  systems  elements. 
The  second  shipment  will  allow  full  preparation  for  final  mating, 
while  the  test  article  is  still  in  manufacture.  The  final  ship¬ 
ment  will  complete  the  setup  and  will  facilitate  final  checkout 
and  testing.  Design  of  the  test  fixture  is  nearing  completion, 
as  is  the  procurement  of  fixture  materials  and  hardware. 
Manufacture  of  the  test  fixture  is  progressing  satisfactorily. 
Status  at  the  end  of  the  reporting  period  is  shown  in  Table 
III-l  for  the  main  elements  of  the  test  fixture. 
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UPPER  FIXTURE 


3.4  ALUMINUM -MANGANESE  COATING  FOR  STEEL  BOLTS 


The  use  of  cadmium  plated  steel  bolts  in  titanium  structure 
has  been  prohibited  by  USAF  because  of  the  possibility  of  induc¬ 
ing  cadmium  embrittlement  in  the  titanium.  For  this  reason 
Convair  is  investigating  the  use  of  Aluminum-Manganese  coating 
for  steel  bolts  in  lieu  of  the  cadmium  plating  for  bolts  installed 
in  titanium  structure. 

For  the  initial  investigation  of  this  coating,  10  high 
strength  steel  bolts  were  given  the  Aluminum-Manganese  coating 
and  sent  to  Mr.  Richard  Stewart  of  ASD/ENFSS  for  stress  corrosion 
investigation.  In  addition,  12  high  strength  steel  bolts  sup¬ 
plied  by  Omark  Industries  were  coated  and  returned  to  Omark 
for  static  and  fatigue  testing. 


Results  of  Testing 

The  results  of  four  fasteners  tested  by  Mr.  Stewart  are 
reported  in  his  paper  entitled  "Preliminary  Results  of  Stress 
Corrosion  Test  of  Cadmium  and  Aluminum-Manganese  Coated  Taper- 
L  ks  in  Titanium."  While  the  test  results  are  admittedly 
preliminary,  the  report  is  favorable  and  states  that:  "The 
Aluminum-Manganese  Taper-Loks  showed  no  signs  of  corrosion. 

There  was  no  visible  sign  of  cracking  of  the  titanium  specimen." 
Testing  duration  was  1000  hours.  Bolts  were  260-290,000  PSI  heat 
treated.  Figures  3-11  and  3-12  show  Taper-Loks  installed  in 
the  titanium  specimens,  parallel  to  each  of  the  three  major 
axis  of  the  material.  Note  that  the  two  specimens  in  Figure 
3-12  are  not  joined  together,  but  are  merely  in  close  proximity. 


Omark  Industries  conducted  three  fatigue  tests  on  both 
1/2-inch-diameter  and  5/8-inch-diameter  bolts.  The  bolts  were 
220,000  minimum  heat-treat. 


The  bolts  tested  in  fatigue  were  cycled  in  axial  tension 
from  3.5%  to  35%  of  the  rated  axial  strength.  All  bolts  with¬ 
stood  130,000  cycles  of  loading  with  no  failures. 


After  completion  of  the  fatigue  tests,  the  bolts  were  failed 
statically.  All  static  failing  loads  exceeded  the  minimum  rated 
allowables . 


Omark  is  also  in  the  process  of  conducting  alternate  immer¬ 
sion  salt-spray  corrosion  testing  of  Aluminum-Manganese  fasteners. 
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Figure  3-11  TAPER-LOKS,  FASTENERS  INSTALLED  IN 
TITANIUM  SPECIMENS 


Figure  3-12  TAPER-LOK  FASTENERS  INSTALLED  IN 
TITANIUM  SPECIMENS 
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SECTION  4 


QUALITY  ASSURANCE  AND  NDI 


Quality  Assurance  and  NDI  participated  in  the  detail  design 
phase  to  a  large  degree.  Adhesive  bonding,  brazing  and  welding 
were  evaluated  as  material  joining  techniques.  The  results  of 
the  activity  are  covered  in  the  following  paragraphs. 


4.1  BONDING  EVALUATIONS 

A  total  of  forty-eight  bonded  specimens  were  fabricated  to 
be  used  in  developing  NDI  techniques .  As  indicated  in  Table 
IV-1,  forty-two  specimens  were  titanium  and  aluminum  sandwich 
structure  while  six  panels  (Table  IV-2)  were  of  a  titanium 
multilayer  laminate  construction.  These  panels  were  designed 
to  simulate  various  structures  in  the  preliminary  Fail  Safe 
Integral  Lug  (FSIL)  and  "No-Box  Box"  (NBB)  configurations.  Each 
panel  was  bonded  with  the  PL717  adhesive  and  contained  intention¬ 
al  defects.  The  defects  were  a  combination  of  the  teflon  tape 
insert  type  and,  in  some  sandwich  panels,  a  local  crushed  core 
type. 

A  through  transmission  ultrasonic  C-scan  recording  (Figure 
4-1)  was  made  for  each  specimen.  The  through  transmission 
evaluation  was  used  as  a  baseline  inspection  to  detect  gross 
deficiencies  in  the  specimens.  This  system  was  not  considered 
as  a  candidate  inspection  system.  The  through  transmission 
system  detected  only  about  75%  of  the  intentional  defects.  Also, 
extraneous  indications  were  observed  on  some  of  the  recordings. 

Eight  laminate-to-laminate  type  specimens  consisting  of 
different  skin  thicknesses  were  evaluated  using  several  tech¬ 
niques.  The  Slik  Bond  Tester  (Energy  Summing  Ultrasonic  System) 
and  Fokker  Bond  Tester  (Resonance  System)  were  evaluated  using 
transducers  of  various  sizes,  types  and  frequencies.  Results 
similar  to  the  through  transmission  tests  were  obtained  in 
detecting  the  induced  flaws,  but  numerous  additional  areas 
were  also  detected  with  same  response  as  the  induced  flaws.  The 
destructive  examinations  provided  a  very  close  correlation  of 
induced  versus  detected  flaws.  However,  the  cause  of  the 
additional  indications  were  not  determined. 
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Table  IV- 1 


BONDED  NDI  SANDWICH  PANEL! 


Specimen 

No. 

Material 

Skin 

Skin 

Thickness 

Tl 

Core 

Skin 

Thickness 

t2 

Quantity 

Fabricated 

MD3266 

2024  Alum. 

.200 

1"  Thk 

.075 

2 

MD3256 

ft 

.125 

II 

.025 

2 

MD3267 

ft 

.080 

II 

.025 

2 

MD3258 

it 

.035 

II 

.025 

2 

MD3268 

it 

.125 

It 

.040 

2 

MD3260 

it 

.190 

ii 

.032 

2 

MD3272 

it 

.130 

II 

.032 

2 

MD3269 

If 

.050 

II 

.032 

2 

MD3262 

it 

.300 

II 

.050 

2 

MD3271 

II 

.250 

II 

.050 

2 

MD3270 

If 

.150 

II 

.050 

2 

MD3264 

II 

.090 

If 

.050 

2 

MD3259 

If 

.300 

2"  Thk 

.063 

2 

MD3261 

If 

.213 

If 

.063 

2 

MD3263 

II 

.125 

If 

.063 

2 

MD3257  Ti  6AL-4V  Mill 

.250 

1"  Thk 

.030 

2 

MD3265 

Annealed 

.135 

If 

.030 

2 

MD3278 

II 

.060 

II 

.030 

2 

MD3279 

If 

.135 

II 

.060 

2 

MD3280 

II 

.185 

If 

.060 

2 

MD3281 

If 

.300 

If 

.060 

2 
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Table  IV-2 

BONDED  NDI  LAMINATE  SPECIMENS 


Specimen 

No. 

Material 

Laminate 
T1  T2 

Thickness 

T 

L3 

T4 

Quantity 

Fabricated 

MD3204 

Beta  C 

.125 

.125 

.125 

.125 

1 

MD3203 

Beta  C 

.062 

.125 

.125 

.062 

1 

MD3253 

Beta  C 

.100 

.100 

.100 

.100 

1 

MD3255 

Beta  C 

.100 

.100 

1 

MD3254 

Beta  C 

.06 

.06 

1 

MD3251 

Beta  C 

.125 

.125 

.05 

.100 

1 

Evaluation  of  laminate-to-laminate  specimens  was  stopped 
due  to  engineering  design  changes  of  the  FSIL  and  "No-Box  Box" 
configurations  and  the  cancellation  of  the  titanium  laminate 
configuration.  However,  the  •eliminary  studies  indicate  the 
possibility  of  using  the  Energy  Summing  Ultrasonic  System  (Slik 
Bond  Tester)  to  inspect  titanium  laminates  but  additional  work 
would  be  required  for  production  applications. 

The  sandwich  specimens  are  currently  being  evaluated  using 
the  UM-721  Reflectoscope  and  Slik  Bond  Tester.  Two  different 
techniques  are  being  considered  with  the  UM-721  Reflectoscope, 
ring  pattern  for  thick  skin  specimen  and  back  surface  reflection 
for  thin  skin  specimens. 

Each  of  the  three  different  techniques  has  produced  some 
favorable  results.  The  Slik  Bond  Tester  using  a  dual  "pitch- 
catch"  type  transducer  system  will  detect  most  of  the  induced 
flaws  in  skin  thickness  of  .125"  and  greater.  However,  numerous 
additional  indications  have  been  recorded  in  some  specimens.  In 
icost  cases  these  indications  are  confirmed  by  the  through  trans¬ 
mission  recordings. 

The  ring  pattern  and  the  energy  summing  technique  results 
correlate  very  closely  in  the  detection  of  both  artificial  and 
natural  flaws  in  the  thick  skinned  panels .  This  lends  credit 
to  the  preliminary  selection  of  one  of  these  techniques.  Final 
technique  selection  will  depend  on  flaw  configuration  in  the 
disassembly  of  selected  panels  and  the  final  design  of  various 
AMAVS  structures. 

For  the  thin  skinned  panels  (skin  thickness  of  .124"  and 
less)  a  back  surface  reflection  technique  application  was 
recently  developed.  This  technique  monitors  the  inside  surface 
of  the  opposite  skin  of  the  sandwich  structures.  The  other 
standard  technique  applications  have  been  ineffective  in  de¬ 
tecting  flaws  in  the  thin  skinned  panels  due  to  the  high  porosity 
content  in  the  PL-717  adhesive  system. 

The  preliminary  techniques  indicated  are  necessarily  tenta¬ 
tive.  The  lack  of  a  specific  final  design  configuration  (i.e. 
skin  gage,  core  thickness,  etc.)  have  delayed  the  technique 
selection.  As  the  final  production  designs  are  completed, 
specimens  will  be  fabricated  that  simulate  these  designs.  The 
tentative  techniques  will  be  verified  on  the  new  specimens  and 
production  inspection  procedures  will  be  prepared. 
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4.2  BRAZED  JOINT  EVALUATIONS 


4.2.1  NDI  Development 

NDI  development  has  consisted  of  the  selection  and  develop¬ 
ment  of  both  flaw  induction  technique  and  a  nondestructive 
inspection  technique.  Technique  selection  was  made  based  on 
NDI  data  obtained  from  a  series  of  specimens  brazed  with  the 
existing  optimum  manufacturing  techniques. 

Initially  the  reference  specimens  were  made  using  .25  thick 
6AL-4V  Beta  Annealed  laminates.  These  specimens  were  satis¬ 
factory  for  establishing  flaw  induction  techniques.  Specimens 
having  .40  to  .60  inch  thick  laminates  were  used  to  develop  the 
NDI  inspection  technique. 

A  summary  of  the  flaw  induction  results  is  shown  in  Table 
IV- 3.  The  overall  quality  of  the  brazed  specimens  was  not  good, 
but  was  satisfactory  for  the  flaw  induction  program.  In  addition 
to  the  flaw  induction  media  shown  in  the  above  .table,  flat 
bottom  holes  were  drilled  and  slots  eloxed  in  a  section  of  panel 
MD3211  (See  Figure  4-2). 

Stainless  steel  spacers,  flat  bottom  holes  and  stop-off 
have  provided  the  most  uniform,  dimensionally  controllable  flow 
induction  media.  Stop-off  is  a  high  temperature  material  used 
to  prevent  adherence  of  the  braze  alloy  to  a  laminate  and  is 
used  as  a  control  in  the  brazing  operation. 

The  size  of  flaws  induced  using  spacers  and  stop-off  is 
more  difficult  to  control  because  of  migration  of  both  braze 
alloy  and  induction  media  during  the  braze  operation.  Diameters 
of  flat  bottom  holes  are  easily  controlled,  but  'locating  the 
depth  of  the  braze  line  exactly  is  difficult.  The  time  domain 
responses  from  each  of  the  flaw  types  are  the  same. 

Several  ultrasonic  techniques  were  evaluated  for  use  in 
inspecting  the  brazed  specimens.  Of  the  techniques  evaluated, 
five  were  effective  in  detecting  defective  conditions.  The 
most  effective  technique  was  pulse  echo.  It  is  easy  to  set  up 
and  can  be  used  with  a  wide  variety  of  transducers.  Both  flat 
and  focused  transducers  with  frequencies  of  5,  10  and  15  MHz  were 
evaluated.  The  technique  was  employed  strictly  in  an  immersion 
mode,  but  can  also  be  applied  in  the  contact  mode.  Permanent 
recordings  (C-Scan)  can  be  made  using  existing  equipment.  Access 
to  only  one  side  of  the  part  is  required. 

4-6 


Table  IV-3 

NDI  BRAZED  JOINT  SPECIMEN 
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Through  transmis  : nn  is  also  effective.  It  likewise  has 
recording  capabilities  and  is  easy  to  set  up.  However,  because 
access  to  both  sides  of  the  part  is  required,  it  is  impractical 
for  large-area  brazed  panels . 

A  pitch-catch  technique  proved  effective,  but  hard  to  set 
up.  Likewise,  the  ring  pattern  technique  proved  to  be  very 
difficult  to  apply.  The  Slik  Bond  Tester  (energy  summing 
ultrasonic  technique)  was  only  marginally  effective  and  lacked 
recording  capabilities. 

The  procedure  selected  to  inspect  the  brazed  structures 
employs  a  focused  10  MHz  transducer.  Basically,  the  procedure 
is  as  follows: 

o  The  transducer  is  normalized  (made  perpendicular)  to  the 
front  surface  of  the  test  part. 

o  The  sound  beam  is  focused  on  the  brazeline  under  evalua¬ 
tion. 

o  An  electronic  gate  is  placed  on  the  signal  from  the 
brazeline. 

o  Gain  and  accept /reject  levels  are  determined  from  setting 
up  on  a  reference  part.  Figures  4-3  and  4-4  show  typical 
"good"  and  "bad"  signals. 

o  The  entire  part  is  scanned  and  a  recording  (C-scan)  made 
of  both  the  acceptable  and  unacceptable  areas. 

The  primary  problem  that  has  been  experienced  with  the 
focused  transducer  method  is  that  the  inspection  is  very  depend¬ 
ent  on  normality  and  to  a  lesser  degree  on  the  water  travel 
distance  (distance  between  transducer  and  part) .  Frequent  set¬ 
up  adjustments  are  necessary  to  inspect  the  large  area  brazed 
parts . 

A  Schlieren  study  was  undertaken  to  determine  if  the 
normality  problem  was  caused  by  a  malfunction  in  the  transducer. 
Schlieren  imaging  is  a  process  in  which  the  sound  beam  emanating 
from  a  transducer  is  made  visible.  The  process  is  helpful  in 
determining  transducer  characteristics  such  as  beam  strength 
and  beam  pattern  of  the  transducer.  The  Convair  imaging  equip¬ 
ment  allows  the  operator  to  rotate  the  transducer  and  observe 
different  cross-sections  of  the  soundbeam.  A  marked  difference 
in  the  intensity  of  the  soundbeam  of  the  transducer  used  in  the 
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Figure  4-3  A  "Good11  Area  Showed  a  Relatively  Low 
Signal  in  the  Gate 


Figure  4-4  A  Defective  Area  Was  Indicated  by  a  Relatively 
High  Signal  in  the  Gate 
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inspection  was  noted  as  shown  in  Figures  4-5  and  4-6.  These 
two  photographs  depict  the  effect  of  a  45°  of  rotation  of  the 
transducer.  They  show  that  the  normality  problem  is  due  to 
abnormalities  in  the  beam  pattern  of  the  transducer.  Because 
the  transducer  used  was  the  only  one  of  its  type  on  hand 
at  Convair,  a  new  long-focus  transducer  of  the  same  type  would 
have  been  purchased  to  accomplish  the  inspection  of  the  test 
part  had  the  FSIL  design  been  selected. 


4.2.2  Engineering  Specimen  Evaluation 

All  the  Group  Engineering  specimens  were  inspected  using 
Radiography  and  the  ultrasonic  techniques .  These  specimens  were 
used  by  manufacturing  and  engineering  to  establish  manufacturing 
variables  and  allowables.  They  were  also  used  to  develop  and 
improve  the  ultrasonic  NDI  technique.  This  preliminary  technique 
was  finalized  at  the  end  of  the  Group  II  portion  of  the  program. 

Part  603FTB033  was  inspected  before  test  and  after  two 
stages  of  testing.  Scattered  void  areas  were  found  in  the  panel 
before  test,  but  did  not  propagate  during  test  or  appear  to 
affect  the  crack  stopping  capabilities  of  the  brazeline. 

The  ultrasonic  response  from  the  brazeline  of  the  first 
603FTB035  panel  (-1,  -2)  was  considerably  different  from  previous 
brazed  parts  in  that  a  large  signal  was  present  in  the  assumed 
"good"  areas.  Metallographic  examinations  showed  the  entire 
brazeline  to  be  porous  and  to  have  a  substandard  strength. 

Half  of  the  603FTB035-1,  -2  was  rebrazed  and  tested  ultrasonically . 
The  part  was  found  to  contain  enough  defect  areas  to  warrant 
cancellation  of  the  structural  testing  of  the  panel. 

The  third  large  specimen,  603FTB035-2,  showed  to  have  a 
very  good  quality  braze.  Shown  in  Figure  4-7  is  a  photograph  of 
the  ultrasonic  recording  (C-scan)  of  one  side  of  one  end  of  the 
part.  Subsequent  physical  testing  of  the  part  was  successful. 

The  part  will  be  re-inspected  when  physical  testing  is  completed. 

Panel  603FTB053-21  was  inspected  a  total  of  three  times; 
before  test,  after  four  lifetimes,  and  after  six  lifetimes  of 
testing.  Figure  4-8  shows  a  photograph  of  the  ultrasonic 
recordings  (C-scan).  No  void  propagation  was  observed.  It 
should  be  noted  that  most  of  the  defective  areas  present  in  the 
specimen  before  test,  shown  at  the  left  of  Figure  4-8,  were 
machined  away  in  the  manufacture  of  the  test  specimen. 
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Figure  4-5  The  Schlieren  System  Indicates  One  Cross 
Section  of  the  Soundbeam  to  be  Strong 


Figure  4-8  Ultrasonic  Recording  of  603FTB053-21 

A)  Before  Testing  (Left) , 

B)  After  Four  Lifetimes  of  Testing  (Center),  and 

C)  After  Six  Lifetimes  of  Testing  (Right) 
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4.3  WELDED  JOINT  EVALUATIONS 


4.3.1  NDI  Specimen  Design  &  Fabrication 

Under  this  program  provisions  were  made  for  the  design  and 
fabrication  of  6AL-4V  Beta  Annealed  Titanium  and  10  Nickel  (HY180) 
steel  specimens  necessary  to  provide  adequate  data  to  evaluate 
transducers  and  techniques  for  the  NDI  of  weldments  made  from 
these  alloys. 

Configurations  MD3190,  MD3191  and  MD3202  (Figure  4-9)  were 
constructed  to  provide  a  titanium  thickness  range  of  weld  from 
0.5  to  1.5  inches.  Configurations  MD3232  and  MD3233  (Figure  4-9) 
were  fabricated  with  a  similar  weld  thickness  range  for  lONi. 

4.3.2  Transducer  Evaluation 

Available  transducers  in  the  5,  10  and  15  MHz  range  were 
evaluated.  Response  profiles  were  plotted  for  those  transducers 
demonstrating  best  sensitivity  and  resolution  for  both  Ti  and 
lONi  flat  bottom  hole  (FBH)  references.  Transducers  SIL  (15  MHz), 
1/2  inch  OD,  focused,  immersion,  and  transducer  A311,  (15  MHz), 

1/2  inch  OD,  focused,  immersion,  manufactured  by  Automation 
Industries  and  Panametrics  respectively,  were  selected  on  the 
basis  of  their  response  profiles.  Further  experimentation  con¬ 
firmed  their  efficiency.  Evaluation  was  performed  on  the  basis 
of  their  response  to  2/64  flat  bottom  holes  (FBH)  drilled  at 
various  depths  in  fabricated  reference  specimens.  (See  Figure 
4-10) . 


4.3.3  Engineering  Specimen  Inspection 

Most  of  the  specimens  manufactured  for  engineering  testing 
purposes  underwent  a  "best  effort"  ultrasonic  inspection  on  a 
routine  basis.  Data  was  recorded  and  filed  for  further  evalu¬ 
ation.  These  inspections  included  both  lONi  and  6AL-4V  Ti 
specimens . 

In  addition,  some  of  the  10  nickel  specimens  with  natural 
defects  were  used  to  acquire  preliminary  ultrasonic  information 
on  this  alloy,  since  the  scheduled  receipt  of  the  formal  NTT 
specimens  was  delayed.  Preliminary  references  were  constructed 
with  some  of  these  specimens.  (See  Figure  4-11). 
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4.3.4  Shear  Ultrasonic  Techniques,  6AL-4V  Titanium  . 

Evaluation  of  shear  techniques,  at  45°  and  30°  with  2.5,  5 
and  10  MHz  shear  contact  transducers  was  discontinued  almost 
immediately  due  to  unsatisfactory  results.  At  thicknesses  from 
0.5  to  0.900  inch,  #3  electric  discharge  machined  slot  responses 
were  detectable.  For  bottom  and  top  surface  slots  for  1.5  inch 
thick  materials  only  bottom  surface  responses  were  detectable. 

It  was  also  noted  that  natural  flaws  easily  detected  with  longi¬ 
tudinal  techniques  were  not  detectable  with  the  shear  transducers 
evaluated. 


4.3.5  Delta  Ultrasonic  Techniques,  6AL-4V  Titanium 

Evaluation  of  ultrasonic  delta  techniques  was  completed  for 
Ti  6AL-4V  specimens  with  negative  results.  Available  delta 
probes,  GD/QC  148,  149  and  124  were  tested  and  found  unsuitable. 
Either  top  or  bottom  eloxed  slots  produced  satisfactory  responses, 
but  not  both.  Some  of  the  radiographic  detected  flaws  could  not 
be  detected  or  the  response  amplitudes  were  less  than  or  equal 
to  the  weld  structural  or  surface  noise.  Attempts  were  made  to 
produce  a  working  delta  probe  by  using  5,  10  and  15  MHz  trans¬ 
ducers  in  various  combinations  of  frequencies,  angles  and  trans¬ 
ducer  spacing  with  unsatisfactory  results.  One  of  the  variable 
depth  and  spacing  fixtures  used  is  shown  in  Figure  4-12.  A 
dual  15  MHz  transducer  combination  (focused)  produced  usable 
eloxed  slot  responses  for  0.370,  0.425  and  0.620  inch  thick 
weldments;  but  it  also  produced  spurious  responses  where  metal- 
ographic  sectioning  failed  to  produce  any  flaws.  In  addition, 
extreme  sensitivity  to  surface  conditions  was  noted. 

4.3.6  Pulse  Echo  Longitudinal  Evaluation,  6AL-4V  Titanium 

Scans  of  NDI  specimens  MD3202,  MD3191  and  MD3190  using  2/64 
FBH  reference  specimens  were  performed  in  a  series  of  tests  to 
provide  suitable  weld  responses  (Figure  4-13) .  All  radiographic 
detected  flaws  in  these  specimens  were  detected  ultrasonically 
with  additional  responses  in  adjacent  areas.  This  indicates 
that  ultrasonic  sensitivity  is  of  an  improved  degree  to  that  of 
radiography.  Full  confidence  in  the  ability  to  detect  flaws  in 
this  type  of  weld  is  based  not  only  in  the  correlation  of  radio¬ 
graph  to  ultrasonic  responses  for  the  specimens  listed  above; 
but  also  in  results  obtained  in  prior  company  programs. 
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Figure  4-11  Typical  Pulse -Echo  Recordings  of  10  Ni  Weld 
and  Preliminary  Reference  Specimen 
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4.3.7  Pulse  Echo-Longitudinal  Evaluation, 

10  Nickel  Specimens 

Late  arrival  of  10  Nickel  material  and  manufacture  of  10 
Nickel  NDI  specimens  has  precluded  any  ultrasonic  evaluation 
other  than  pulse  echo- longitudinal  techniques.  This  has  been 
possible  only  through  the  availability  and  use  of  some  defective 
engineering  10  Nickel  weld  specimens. 

Scans  were  performed  on  engineering  weld  specimens  H9  and 
H27  using  a  10  Nickel  reference  specimen  with  2/64  FBH.  Section¬ 
ing  of  H9  specimens  verified  that  good  ultrasonic  response  to 
flaw  correlation  was  obtained.  A  microsection  of  a  defective 
portion  of  engineering  specimen  H27  supplemented  these 
findings  where  an  equally  effective  ultrasonic  response  to  flaw 
correlations  was  found.  (Figure  4-14). 

Radiography  to  ultrasonic  response  correlations  on  engineering 
specimen  H9  can  be  seen  in  Figure  4-15.  This  correlation  shows 
the  improved  sensitivity  of  ultrasonics  over  radiography  detection. 


4.3.8  Evaluat ion  Summary 

The  following  summary  is  preliminary  and  subject  to  re- 
evaluatioT  as  additional  work  is  performed  on  Weld  NDI  specimens. 

a.  SB  welds  of  6AL-4V  Titanium  and  10  Nickel  alloys  may  be 
ultrasonically  inspected  using  pulse  echo- longitudinal 
methods  with  water  immersion  or  bubbler  techniques. 

b.  The  thickness  range  of  inspection  meets  the  requirement 
of  the  program:  0.5  -  1.6  inch  (Ti  and  lONi) . 

c.  Within  the  scope  of  these  tests  and  materials,  minimum 
detectable  anomalies  are  estimated  to  be  between  0.015 
to  0.050  in.  for  lONi.  No  estimate  can  be  made  at  this 
time  for  titanium  since  insufficient  destructive 
analyses  have  been  performed  at  this  point  in  the  pregram. 

d.  Ultrasonic  longitudinal  pulse  echo  and  radiography  "flaw" 
detection  provide  complementary  NDI  data.  Inspection 

of  lONickel  and  6AL-4V  Titanium  will  require  the  use 
of  both  techniques  for  the  following  reasons: 
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Figure  4-13  Typical  6AL-4V  B  Weld  Responses  Using 
Pulse  Echo  Longitudinal  Technique 


Figure  4-14  Metalographic  Sections  of  Flaws  in  Specimen 
H27 (A)  and  H9(B) 
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o  Some  ultrasonically  detected  "indications"  cannot  be 
detected  radiographically.  (Figure  4-15). 

0  All  pulse  echo-longitudinal  techniques  are  ultra¬ 
sonically  blind  at  the  near  front  surface  (front 
surface  resolution) .  Radiography  techniques  mini¬ 
mize  this  0.100  to  0.150  inch  deficiency. 

o  Radiography  and  ultrasonic  techniques  have  different 
accessibility  potential  for  the  inspection  of  dif¬ 
ferent  geometries  of  the  specimens. 


4.4  NDI  PLANS 

Drawings  603R234,  603R231,  and  603R232  were  developed  to 
outline  an  NDI  program  on  welded,  bonded,  and  brazed  specimens. 
These  drawings  are  shown  as  Figures  4-16,  4-17,  and  4-18, 
respectively.  All  of  the  NDI  specimens  shown  in  Figure  4-16 
were  completed  during  Phase  II.  The  welded  NDI  specimens  for  both 
6AL-4V  titanium  and  10  Nickel  steel  shown  in  Figure  4-17  were 
also  completed.  Fourty-two  of  the  bonded  sandwich  panel  NDI 
specimens  shown  in  Figure  4-18  were  evaluated  during  the  Detail 
Design  Phase. 

Additional  bonded  and  welded  NDI  specimens  will  be  evalu¬ 
ated  to  assure  inspectability  of  the  "No-Box"  Box  configuration 
selected  for  manufacturing  during  Phase  III. 
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Figure  4-16  RAW  MATERIAL  AND  BRAZED 


f.  MATER-'Al  QUANTITY  I 
IEQD  ! 


BRACED  SPECIMENS 


>|  6AL-+V  T,  |  I 


IO  UISIEEM  I 


BETA  C  !  > 


feTAfcUSU  HEED  TOR, 
UE.PER.EHCE  BLOCKS) 
SPECIFY  DESVGiSl 
ftEQVlREMHUT'S  FOR 
ADO  PHONAL  BLOCKS 


MATERIAL. 

BETA  ANNEAIED  iAHV  TlTAHIVM 


PART  LANMHA 

N°-  THTlITi 

TV PE  FLAW 

MDSI87-I-I  .250  .250 

CORROSIVE 

MDSISW-2  .250  .250 

IKCLUSlOU 

MDSI89-! 1  m  .250 

CORROSIVE 

MDS199-I-2.  250  .250 

IHCLUSIOU 

MD3 188-1  .250  .250 

CORROSIVE 

MD'i/ae-2  250  .250 

CORROSIVE 

MDj2.0a  250 .250 

COREOSIVE 

MDB209  .250  250 

IWCiUSION 

M0S2I0  400  600 

CORROSIVE 

MD52.II  400  600 

CORROSIVE 

MD52I2-I  .250  .250 

SEE  NOTE  1 

MD32I3-I  150  .250 

\ 

M  032/5  AJ0.600 

\ 

MD  522Z  600^00 

600 

\ 

MP3223  600.400 

609 

SEE  NOTE 

i. FLAW  TYPE.  WILL  BE  DEFIHEJD  AS  A  RESULT 
OF  PRELIMINARY  STUDIES 


KOTES  (.EXCEPT  AS  suoww) 


m 


PRMUMINARY  OMWCilM  OHAW1NB 

RAW  MMERIAL  AND  BRAZED 
HDl  SPECIMENS 

£  ZSftZB  I uwm  [mu 

QlNaWAL  DYNAMICS 
Canvair  Atrosptc*  Division  r\C~>‘h 


MA.rERlAL  AND  BRAZED  NDI  SPECIMENS 

/  i 


fort  IVortft 
*  «»»» 


4-23  /  4-24 


(PTITV 

bittED 


8. 

! 


M 


It 


PRELIMINARY 
TECHNIQUE 
SELECT  ON 


m 


m 


1 


SPECIMEN 

PM^TT  MO. 

- 

MKTtRlfcL 

quantity 

f024-  AcUMiUOM 

30 

(Al'4f  ft  til 
fiftft£/0l£D  r/ 

10 

/4V/ —  Slug 

SLUG  - i 

AUMHOM 

10 

AN 

titanium 

AND 

ALUMINUM 
AS  REQUIRED 
TO  EXTEND 
PRELIMINARY 
DEVELOPMENT 

15 

ft 


4-18 


BONDED  SANDWICH  NDI  SPECIMENS 


■* 

i 

% 

i 

is 

I 


1 


6.  DETAILED  CONSTOUCTOM  AMD  QUANTITY  ft 

DETER  MIMED  BY  PRELIMINARY  RESULTS.  DESIGN  ,5 
ITERATION  AMD  INSPECTION  CRITEE.IA  ' 


2.  FLAW  TYPES-  TEFLON  TAPE  INSERTS.  OTHER 

types  as  required 

I.  USE  PIT  IT  ADHESIVE  TOR  AU  PANELS 

MOTE^  V.&L  £PP  as  shown; 


IIUMINAKY 


IN  OTAWINa 


BONDED  OAvNDWlCH 

NDI  SPECIMENS 

\r  <  Su^m/  I  wwi  I  mu  lw«»-a“ 

BJNBRAL  PYNAMICJ 
Convtir  Atraspsc*  Division 

ftrt  W#th  OurMim 


(J02R23Z 


4-27 /  4-28 


SECTION  5 


MANUFACTURING  DEVELOPMENT 


The  manufacturing  development  effort  during  Phase  II  was 
primarily  concerned  with  manufacturing  methods  development,  fab¬ 
rication  of  engineering  and  production  verification  test  specimens, 
and  design  support  consultation.  Phase  II  tasks  accomplished 
through  15  March  1973  were  reported  in  AFFDL-TR-73-70  and  accom¬ 
plishments  through  15  July  1973  were  reported  in  AFFDL-TR-73-77 . 
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5.1  LAMINATED  BRAZING  PROCESS  DEVELOPMENT 


Work  accomplished  since  the  second  interim  report,  15  July 
1973,  includes  brazing  one  603FTB033  damage  tolerance,  braze  lower 
plate  element  test  specimen,  two  603FTB053  center  line  splice 
lower  plate  brazed  test  specimens,  and  two  603FTB035  brazed  lower 
plate  damage  tolerance  test  specimens.  Also,  special  brazing 
parameter  tests  were  run  to  resolve  problems  encountered  in  braz¬ 
ing  the  large  area  603FTB035  parts. 
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5.1.1  603FTB033  Test  Specimen,  Damage  Tolerance, 

Braze  Lower  Plate  Element 


m 


U 
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The  engineering  test  part  consistedof  three  titanium  details 
brazed  with  Ag-Al-Mn  braze  alloy.  The  upper  and  lower  detailswere 
0.600-inch  thick  with  five  equally  spaced  hog-outs  and  the  center 
detail  was  a  solid  plate  0.400-inch  thick.  Titanium  details  are 
shown  in  the  photograph  in  Figure  5-1.  The  braze  surface  of  the 
details  were  initially  machined  by  face  milling,  then  finished 
to  final  dimension  by  dry  belt  sanding.  The  complete  detail  lay¬ 
up  in  the  braze  box  tooling  is  shown  in  Figure  5-2.  Brazing  was 
accomplished  using  standard  procedures  except  a  pre-braze  cycle 
was  run  to  flatten  the  titanium  details.  The  pre-braze  cycle  and 
braze  cycle  are  shown  in  the  graphs  in  Figures  5-3  and  5-4.  The 
part,  after  brazing  is  shown  in  Figure  5-5.  Visual  inspection  of 
the  part  showed  good  alloy  wetting  and  flow  and  the  part  relative¬ 
ly  free  of  surface  discoloration.  X-ray  and  ultrasonic  inspection 
was  made  and  the  part  was  sent  to  the  engineering  test  lab  for 
further  testing. 
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Figure  5-1  TITANIUM  DETAILS  FOR  603FTB033  BRAZE  TEST  SPECIMEN 
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Figure  5-2  TITANIUM  DETAILS  FOR  603FTB033  BRAZE  TEST 
SPECIMEN  ASSEMBLED  IN  BRAZE  BOX 
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5,1,2  603FTB053  Braze  Test  Specimen  Centerline 

Splice  Lower  Plate 

Two  603F1B053  test  parts  were  brazed  using  titanium  details 
that  were  machined  to  thickness  dimension  by  face  milling  followed 
by  dry  belt  grinding.  The  part  was  a  two-braze  line  component 
consisting  of  an  upper  and  lower  plate  of  0.600- inch  thick  titan¬ 
ium  and  a  center  plate  of  0.400-inch  titanium.  Standard  cleaning 
and  lay-up  procedures  were  used  and  no  difficulty  was  experienced 
throughout  the  braze  operation.  The  photograph  in  Figure  5-6 
shows  the  lower  plate  detail  with  0.005-inch  thick  Ag-Al-Mn  braze 
alloy  tack  welded  in  place.  The  braze  cycle  time /temperature- 
curves  for  the  two  parts  are  shown  in  Figures  5-7  and  5-8.  A 
part,  after  brazing,  is  shown  in  the  photograp  in  Figure  5-9. 

Visual  inspection  of  the  parts  showed  good  alloy  wetting  and  flow 
with  little  sarface  discoloration.  X-ray  and  ultrasonic  inspec¬ 
tion  was  made  and  the  parts  were  sent  to  the  engineering  test  lab 
for  further  evaluation. 

r.  1.3  603FTB035  Brazed  Lower  Plate  Damage  Tolerance 

Test  Specimen 

The  brazed  lower  plate  damage  tolerance  test  specimen  (603FTB035) 
is  a  double  braze  line  component  with  dimensions  of  1.60  inches  x 
48.0  inches  x  114.3  inches.  The  part  was  several  times  larger  in 
surface  area  than  preceding  brazed  structures.  The  increased  size 
and  weight  of  the  panel  and  braze  tooling  required  additional  de¬ 
velopment  of  both  handling  and  brazing  procedures.  A  pre-braze 
run  and  three  braze  runs  established  the  necessary  procedures  for 
the  production  of  a  satisfactory  brazed  part.  Each  braze  run  is 
discussed  separately  below. 

5. 1.3.1  Pre-braze  Run  for  603FTB035 


A  pre-braze  cycle,  simulating  actual  production,  was  run 
except  that  braze  alloy  was  not  used  in  the  detail  lay-up  of  the 
panel.  The  test  was  run  to  determine  the  effect  of  scale  up  on 
either  tooling  or  the  braze  cycle.  This  test  and  all  subsequent 


braze  tests  with  603FTB035  parts  were  run  in  the  gas  fired  Holden- 
Pacific  furnace  shown  in  the  photograph  in  Figure  5-10.  Four  .250/ 


.250  x  7.5  x  12  incn  test  panels  were  brazed  in  the  retort  during 
the  pte-braze  cycle.  The  test  panels  were  inserted  in  the  hog-outs 
in  the  upper  (-9)  detail  of  the  part.  Six  thermocouples  were  used 
in  the  test  and  locations  are  shown  in  tl.e  sketch  in  Figure  5-11. 
Time /temperature  curves  for  the  pre-braze  cycle  are  shown  in  Fig¬ 
ures  5-12  and  5-13.  Components  for  the  pre-braze  cycle  are  shown 
in  Figure  5-14  and  the  complete  pre-braze  procedure  is  shown  below: 
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Figure  5-7  BRAZE  CYCLE  FOR  603FTB053  RUN  #1 
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Legend: 
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Figure  5-8  BRAZE  CYCLE  FOR  603FTB053  RUN  #2 
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Figure  5-9  BRAZED  TEST  SPECIMEN  603FTB053  IN  BRAZE  BOX  TOOLING 


603FTB035  TEST  SPECIMENS 


THERMOCOUPLE  LOCATIONS  FOR  603FTB035 
TEST  PART  PREBRAZE  CYCLE 


TEMPERATURE  <°F) 


Legend: 


Engr.  No.  603ftbq35 


Figure  5-12  PREBRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
THERMOCOUPLES  1,  2,  AND  3 


Legend:  Engr.  No.  &Q3ftbq35 

AMAVS  LAMINATED  BRAZING  r  Furnace  off  MR&D  No.  prebraze  cycle 


Figure  5-13  PREBRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
THERMOCOUPLES  4,  5,  AND  6 
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1.  Preclean  braze  box  and  braze  block  using  cheesecloth  and 
acetone  or  distilled  isopropyl  alcohol. 

2.  Locate  braze  bloc1,  in  braze  box.  Use  the  required  thickness 
shims  around  the  perimeter  of  the  block  to  prevent  slipping. 

3.  Locate  (5)  1/4  inch  O.D.  tubes  in  slots  of  braze  block  and 
weld  to  box. 

4.  Clean  surface  of  block  with  cheesecloth  and  acetone.  Use 
clean  cotton  gloves. 

5.  Clean  (9)  pieces  of  0.062-inch  thick  caul  sheets.  Use  Cheese¬ 
cloth  and  acetone.  Paint  bottom  surface  of  sheets  with  stop-off. 

6.  Locate  caul  sheets  on  braze  block  with  a  minimum  of  1/8  inch 
gap  between  each  sheet.  Tack  weld  sheets  together  with  0.002 
x  0.5-inch  stainless  steel  strips. 

7.  Place  refrasil  cloth  over  caul  sheets  and  braze  block. 

Note:  Refrasil  to  be  the  same  size  as  the  braze  block.  This 

sheet  of  refrasil  cloth  doer  not  require  prebaking. 

8.  Clean  atmosphere  barrier  with  acetone  and  cheesecloth.  Locate 
in  braze  box. 

9.  Clean  603FTB035-9  detail  with  acetone  or  distilled  isopropyl 
alcohol.  Locate  the  -9  plate  in  box  equally  spaced  inside 
the  atmosphere  barrier. 

10.  Fabricate  spacers  to  fit  between  the  barrier  and  the  -9 
plate.  Make  spacers  from  0.100-inch  321  stainless  steel. 

11.  Clean  spacers  with  acetone  and  cheesecloth.  Locate  spacers 
laying  flat  around  the  perimeter  of  the  - ~  part. 

Note:  These  spacers  are  to  prevent  the  barrier  from  warping 
and  pulling  in  toward  the  panel. 

12.  Remove  the  refrasil  cloth  from  each  cutout  in  -9  detail  part. 

13.  Clean  (8)  filler  blocks  with  acetone  and  cheesecloth.  Locate 
filler  block  in  hog-outs  in  the  -9  detail. 

14.  Locate  refrasil  cloth  over  the  -9  detail. 

Note:  This  refrasil  cloth  must  be  baked  out  at  1550°F  for 
5  minutes  prior  to  lay-up. 
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15.  Clean  the  -11  detail  with  acetone  or  alcohol  and  cheesecloth. 
Locate  on  top  of  the  -9  detail. 

16.  Locate  refrasil  cloth  over  the  -11  detail. 

Note:  This  refrasil  cloth  must  be  baked  out  at  1550°F  for 
5  minutes  prior  to  lay-up. 

17.  Clean  the  top  -9  detail  with  acetone  or  distilled  isoprophyl 
alcohol  and  cheesecloth.  Locate  on  top  of  the  -11  detail. 

18.  Clean  (12)  filler  blocks  with  acetone  and  cheesecloth.  Locate 
in  slots  per  following  sketch.  Place  0.002-inch  thick  stain¬ 
less  steel  foil  under  each  7.5  x  12  inch  panel  and  crimp  up 
the  corners  to  trap  any  excess  alloy  run  out. 


19.  Clean  (8)  detail  parts  0.250  x  7.5  x  12  inch  6A1-4V  titanium 
with  acetone  and  cheesecloth.  Acid  clean  details  per  clean¬ 
ing  procedure  for  brazing. 

20.  Prefit  alloy  and  punch  5/32  diameter  holes  on  3  inch  centers 
for  spacers. 

21.  Clean  alloy  to  remove  any  oxides.  Use  steel  wool  or  silicon 
carbide  320  grit  sand  paper.  Note:  When  using  steel  wool, 
accomplish  cleaning  on  table  away  from  titanium  details. 
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22.  Clean  alloy  with  acetone  and  cheesecloth. 

23.  Lay-up  alloy  and  locate  spacer  buttons  in  four  panels;  7.5  x 
12  inch.  Tack  weld  a  0.002  x  0.375-inch  stainless  steel 
strip  around  the  perimeter  of  each  panel.  Vibro  etch  number 
each  panel  No.  1-2-3-4-. 

24.  Locate  panels  in  the  hog  outs  of  the  -9  plate  per  above 
sketch.  Place  1-inch  sine  wave  strips  of  titanium  inside 
and  outside  of  the  atmosphere  barrier. 

25.  Locate  refrasil  cloth  on  top  of  panel.  Cut  the  refrasil 
cloth  into  strips  to  match  the  steel  caul  sheets  under  tu - 
panel,  leave  a  minimum  of  1/8-inch  gap  between  the  strip. 
Note:  Refrasil  cloth  to  be  the  same  size  as  the  panel. 

This  sheet  of  refrasil  does  not  require  prebaking. 

26.  Locate  vacuum  sheet  and  trim  to  size. 

27.  Weld  vacuum  sheet  to  braze  box. 

28.  Check  for  leaks. 

29.  Argon  purge  braze  box  15  cycles  (hold  maximum  vacuum  3  min¬ 
utes  each  cycle,  then  back  fill  with  argon)  and  then  main¬ 
tain  maximum  vacuum. 

30.  Locate  (5)  1/8-inch  diameter  Inco  sheath  chromel-alumel 
thermocouples  25  feet  long  into  tubes  in  sides  of  braze  box. 
Wedge  thermocouples  into  the  1/4-inch  diameter  tubes.  Lo¬ 
cate  and  secure  a  25-ioot  thermocouple  in  the  1/4-inch  diam¬ 
eter  fcQ.40O-inch  tuba  on  top  of  the  box. 

31.  Place  (2)  layers  of  1/4-inch  fiberfrax  on  top  of  vacuum 
sheet.  Secure  by  placing  several  pieces  of  1/4  or  3/8-inch 
steel  on  top  of  fiberfrax.  Note:  Wind  turbulence  is  fairly 
strong  inside  the  furnace. 

32.  Furnace  should  be  leveled  out  at  1000°F  to  1200°F.  Place 
retort  in  Curnace  and  increase  furnace  controls  to  1600°F. 
Make  indi-/ ..dual  recordings  on  each  thermocouple . 

33.  Preheat  at  1550°F  for  5  minutes.  Note:  When  lowest  thermo¬ 
couple  reaches  1545°F  turn  furnace  control  back  to  1000°F. 
When  lowest  thermocouple  reaches  1550°F  open  furnace  door. 
Maintain  a  vacuum  of  15  in.  HG  and  5  C.F.H.  argon.  Turn 
argon  off  at  800°F. 
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34.  Furnace  cool  to  1400°F. 

35.  Remove  from  furnace  and  cool  to  room  temperature. 

36.  Remove  assembly  from  retort  box. 

37.  Save  the  refrasil  cloth  for  use  in  the  braze  cycle.  Remove 
all  filler  blocks  f  om  hog-outs  and  clean  for  use  in  the 
braze  cycle. 

38.  Do  not  remove  the  0.100-inch  thick  caul  sheets,  the  bottom 
layer  of  refrasil  cloth,  or  the  atmosphere  barrier. 

39.  Remove  all  thermocouples  and  forward  to  the  cal.  lab  for 
calibration. 

40.  Grind  flanges  of  the  braze  box.  Make  a  new  vacuum  sheet 
for  use  on  the  braze  cycle. 

Braze  Surface  Preparation  for  603FTB035  and  603FTB053 

The  braze  surfaces  of  titanium  details  for  603FTB035  were 
prepared  by  face  milling  to  within  0.060  +  .030  -.000  inch  of 
nominal  blueprint  dimension  and  finished  to  final  dimension  by 
wet  precision  belt  sanding.  Sanding  was  done  at  Mill  Polish 
Corp.,  Del  Air,  N.  J.  Final  detail  thickness  was  within  +.008 
-.000  of  nominal  blueprint  dimension.  Surface  finish  was  measured 
at  38  to  50  RMS. 


Details  for  603FTB053  were  also  face  milled,  then  finished 
to  final  dimension  by  dry  belt  sanding  using  80  to  180  grit  belts. 
Parts  were  face  milled  to  +.010  -.000  inch  of  nominal  blueprint 
dimension  and  about  .002  inch  removed  from  each  surface  by  dry 
sanding. 

The  pre-braze  cycle  test  demonstrated  that  the  tooling, 
furnace,  and  support  equipment  functioned  properly  and  indicated 
that  there  would  be  no  serious  problems  in  brazing  a  603FTB035 
part. 

5. 1.3.2  First  Braze  Run  -  603FTB035 

The  braze  surfaces  of  the  three  titanium  details  for  603FTB035 
were  prepared  by  face  milling  to  within  0.060  +  0.030  -  0.000  inch 
of  nominal  blueprint  dimension  and  finished  to  final  dimension  by 
wet  precision  belt  grinding.  Grinding  was  done  at  Mill  Polish 
Corp.,  Del  Air,  N.  J.  Final  detail  thickness  w..  within  +  0.008 
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-0.00  of  nominal  blueprint  dimension.  Surface  finish  was  measured 
at  38  to  50  RMS.  The  remaining  procedure  and  braze  cycle  was  ac¬ 
complished  as  follows : 

Procedure  and  Braze  Cycle  for  First  603FTB035  Braze 

1.  Remove  all  oxides  from  surfaces  of  the  -9  and  -11  details. 

Use  vibro  sander  with  320  grit  paper. 

2.  Acetone  clean  details  -  use  clean  cheesecloth. 

3.  Acid  clean  details,  reference  P.S.  40.01-25  section  2,  using 
the  following  cleaning  procedure. 

a.  Wipe  with  clean  cheesecloth  and  acetone  to  remove  light 
oils  and  fingerprints.  Handle  parts  with  clean  cotton 
gloves  after  this  operation  until  brazing  has  been  com¬ 
pleted. 

b.  Attach  parts  to  cleaning  rack  then  complete  the  following 
operations : 

o  Alkaline  soak*  -180  +  10°F,  15  minutes. 

o  Hot  rinse  -180  +  10°F,  5  minutes. 

o  Nitric-hydrofluoric  pickle**  -  Room  temperature, 

1  minute. 

o  Cold  rinse  -  Room  temperature,  45  seconds. 

o  Repeat  the  pickling  and  rinsing  operations  until  a 
total  of  5  cycles  have  been  completed. 

o  Nitric  acid  desmut***  -  Room  temperature,  5  minutes. 

o  Deionized  water  riiise  -  Room  temperature,  5  minutes. 

o  Allow  parts  to  drip  dry.  Clean  cheesecloth  may  be  used, 
as  a  wick,  to  remove  water  from  depressions  that  will 
not  drain  easily, 

o  Remove  wires  from  parts.  Wrap  in  clean  brown  paper, 
and  forward  to  lay-up  area. 

*  Sodium  hydroxide  32-48  oz./gal. 
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**  Nitric  acid  (29-31%  by  wt.)  +  hydrofluoric  acid  (2. 4-3. 2% 
by  wt.) 

Note:  The  hydrofluoric  content  stated  above  is  contained 
in  the  initial  tank  charge.  A  periodic  test  of  the 
active  fluroides  is  made  by  etching  titanium  test 
coupons.  Weight  loss  from  the  etched  coupons  is 
converted  to  thickness.  The  solution  is  maintained 
in  a  range  chat  removes  titanium  at  the  rate  of  .022 
to  .028  mils /side/minute. 

***  Nitric  acid  35-64%  by  wt. 

4.  Check  braze  box  to  see  that  the  caul  sheets  and  refrasil 
cloth  are  in  the  correct  location. 

5.  Prefit  and  trim  the  brazing  alloy  to  fit  the  lower  -9  plate. 
Punch  5/32- inch  diameter  holes  on  three- inch  centers  in  the 
brazing  alloy  for  the  1/8-inch  diameter  0.002-inch  thick 
stainless  steel  spacers. 

6.  Locate  and  tack  the  braze  alloy  and  spacers  to  the  -9  plate. 
Reference  the  following  sketch  for  layout  of  the  alloy.  Do 
not  overlap  the  alloy  joints. 


7.  Locate  the  -9  plate  in  braze  box.  Equally  space  the  plate 
inside  the  atmosphere  barrier. 

8.  Locate  the  0.100 -inch  thick  shims  around  the  perimeter  of  the 
-9  plate  to  prevent  the  atmosphere  barrier  from  warping  in 
toward  the  panel. 
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9.  Locate  filler  blocks  in  hog-outs  of  -9  plate.  Place  refrasil 
cloth  on  top  of  each  filler  block. 

Note:  All  refrasil  cloth  used  in  the  braze  cycle  must  be 
baked  before  using  in  braze  box.  Do  not  use  stainless  steel 
retainer  strips  around  the  perimeter  of  the  hog-outs. 

10.  Inspect  the  -11  plate  for  water  marks  or  other  contamination. 
Remove  any  contamination  with  distilled  isopropyl  alcohol 
and  clean  cheesecloth. 

11.  Locate  the  -11  plate  on  top  of  the  -9  lower  plate. 

12.  Punch  5/32-inch  holes  in  the  alloy.  Tack  alloy  to  the  sur¬ 
face  of  -11  plate.  Locate  and  tack  0.002-inch  thick  x  1/8 
inch  dia.  stainless  steel  spacers  in  each  hole  in  the  alloy. 

13.  Locate  the  -9  upper  plate  on  top  of  the  -11  center  plate. 
Scribe  the  braze  alloy  around  the  perimeter  of  each  hog-out 
in  -9  plate.  Remove  -9  plate  and  trim  out  alloy  to  the 
scribe  lines. 

14.  Relocate  the  -9  upper  plate  in  the  braze  box. 

15.  Tack  weld  a  0.002  x  1-inch  stainless  steel  strip  over  the 
braze  joints  around  the  perimeter  of  the  parts. 

16.  Place  prebaked  refrasil  cloth  in  the  bottom  of  each  hog-out. 
Do  not  use  0.002-inch  stainless  steel  retainer  strips  around 
the  inside  of  the  hog-outs. 

17.  Acetone  clean  the  filler  blocks  and  locate  in  the  center  of 
the  hog-outs . 

18.  Preform  a  1  inch  wide  titanium  ribbon  into  a  sinewave  con¬ 
figuration  and  place  in  braze  box.  Ribbon  is  required  both 
inside  and  outside  of  the  atmosphere  barrier. 

19.  Locate  refrasil  cloth  on  top  of  panel.  Cut  the  refrasil 
cloth  into  strips  to  match  the  steel  caul  sheets  under  the 
panel;  leave  a  minimum  of  1/8-inch  gap  between  the  strips. 
This  refrasil  cloth  must  be  prebaked. 

20.  Locate  vacuum  sheet  and  trim  to  size. 

21.  Weld  vacuum  sheet  to  braze  box. 

22.  Check  for  leaks. 
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23.  Argon  purge  braze  box  15  cycles.  Hold  maximum  vacuum  3  min¬ 
utes  each  cycle,  then  back  fill  with  argon.  Hold  at  maximum 
vacuum. 

24.  Locate  (5)  1/8"- diameter  Inco  sheath  chromel-alumel  thermo¬ 
couples  25  feet  long  into  tubes  in  sides  of  braze  box. 

Wedge  thermocouples  into  the  1/4-inch  diameter  tubes.  Lo¬ 
cate  and  secure  a  25  foot  thermocouple  in  the  1"  x  8"  x  8" 
steel  block  on  top  of  box. 

25.  Place  (2)  layers  of  1/4  inch  fiberfrax  on  top  of  vacuum 
sheet.  Secure  by  placing  several  pieces  of  1/4  or  3/8-inch 
steel  on  top  of  fiberfrax. 

Note:  Wind  turbulence  is  fairly  strong  inside  the  furnace. 
Place  one  layer  of  fiberfrax  inside  the  "C"  channels  of  the 
braze  box. 

26.  Furnace  should  be  leveled  out  at  900°F.  Place  retort  in 

furnace  and  increase  furnace  controls  to  1600°F.  Make  in¬ 
dividual  recordings  on  each  thermocouple. 

27.  Preheat  at  1550°F  for  5  minutes. 

Note:  When  lowest  thermocouple  reaches  1545°F  turn  furnace 
control  back  to  1000°F .  When  lowest  thermocouple  reaches 
1550  F  open  furnace  door.  Maintain  a  vacuum  of  15  in.  Hg 
and  5  C.F.H.  argon.  Turn  argon  off  at  800°F. 

28.  Furnace  cool  to  1400°F. 

29.  Remove  from  furnace  and  cool  to  room  temperature. 

30.  Remove  assembly  from  retort  box. 

The  entire  brazing  procedure  was  completed  with  little 
difficulty  and  no  apparent  problems;  however,  tests  of  the  part 
showed  an  inadequate  braze.  X-ray  and  NDI  inspection  indicated 
a  heavy  concentration  of  braze  line  irregularities,  especially 
between  the  middle  and  lower  details  in  the  area  of  the  hog-outs. 
Destructive  testing  showed  what  appeared  to  be  a  "cold  braze" 
with  a  lack  of  alloy  flow  and  insufficient  melt.  The  braze  sur¬ 
face  of  the  titanium  details  also  appeared  to  be  contaminated. 

All  thermocouples  indicated  sufficient  temperature  for  brazing 
based  on  results  of  previous  tests.  Thermocouple  locations  are 
shown  in  the  sketch  in  Figure  2.  Braze  cycle  time/temperature 
graphs  are  shown  in  Figures  5-15  through  5-20. 
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TEMPERATURE  <°F>  TEMPERATURE  (°F) 


Figure  5-15  BRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
RUN  #1  THERMOCOUPLE  NO.  1 


AMAVS  LAMINATED  BRAZING 


Legend: 
t  Furnace  off 


Engr.  No.  &Q3ftbo35 
MR&D  No. _ 


Figure  5-16  BRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
RUN  #1  THERMOCOUPLE  NO.  2 
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TEMPERATURE  (°F)  TEMPERATURE  (°F) 


AMAVS  LAMINATED  BRAZING 


Legend; 

▼  Furnace  off 


Engr.  No.  *Q3ft>035 
MR&D  No. 


Figure  5-17  BRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
RUN  #1  THERMOCOUPLE  NO.  3 


Legend:  Engr.  No.  m3ftbq3S 

AMAVS  LAMINATED  BRAZING  t  Furnace  off  MR"(D  No. _ 

170Q  ♦  Out  of  furnace  Dale  e-16-73 
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Figure  5-18  BRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
RUN  #1  THERMOCOUPLE  NO.  4 
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'igure  5-19  BRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
RUN  #1  THERMOCOUPLE  NO.  5 


Legend:  Engr.  No.  Aomms 


LAMINATED  BRAZING  ▼  Furnace  off  MR&DNo. _ 

♦  Out  of  furnace  Date  a-w-re 
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Figure  5-20  BRAZE  CYCLE  FOR  603FTB035  TEST  SPECIMEN 
RUN  #1  THERMOCOUPLE  NO.  6 
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5. 1.3. 3  Rebraze  of  the  First  603FTB035  Test  Specimen  (603FTB035-3C1 


The  first  603FTB035  brazed  test  specimen  was  sawed  in  half 
in  the  transverse  direction,  disassembled  at  each  braze  line,  and 
prepared  for  a  second  braze  operation.  Disassembly  was  relatively 
easy  because  of  an  inadequate  braze.  The  braze  alloy  was  chemi¬ 
cally  stripped  from  the  details  prior  to  the  standard  pre-braze 
cleaning  operation. 

The  second  braze  operation  (603FTB035-3C)  was  run  to  refine 
the  braze  cycle,  to  further  determine  temperature  distribution 
within  the  panel,  to  determine  the  requirements  for  an  increased 
heat-up  rate  in  the  braze  cycle,  and  to  establish  potential  of 
rebrazing  salvaged  details. 

After  the  braze  alloy  from  the  first  braze  operation  was 
stripped,  the  titanium  details  were  vibro  sanded  to  provide  a 
smooth  surface  and  remove  interme tallies  that  may  have  been 
present.  Chemical  cleaning  the  details  was  by  standard  procedure. 
Only  one-half  of  the  part  (about  4’  x  5’)  was  prepared  for  braz¬ 
ing.  The  remaining  half  of  the  panel  was  installed  in  the  braze 
box,  without  braze  alloy,  to  provide  a  uniform  load.  Two  1/4”  x 
1/4”  x  7  1/2”  x  12”  braze  test  panels  were  placed  in  the  hog-out 
areas  as  illustrated  in  Figure  5-21.  A  total  of  ten  thermocouple 
locations  were  planned  for  this  test  run.  During  the  braze  box 
leak  detection  test  a  leak  was  found  in  thermocouple  tube  No.  5. 
Attempts  to  repair  the  leak  failed;  therefore,  the  tube  entry 
was  welded  and  the  thermocouple  omitted.  Complete  tooling,  de¬ 
tail  layup  and  thermocouple  entry  locations  are  shown  in  Figure 
5-22. 

The  braze  time /temperature  cycle  for  603FTB035-3C  is  shown 
in  the  graphsin  Figures  5-23  chrough  5-31.  It  is  believed  that 
thermocouples  3  and  9  (Figures  5-29  and  5-30)  showed  faulty  read¬ 
ings  due  to  shorting  out  on  the  braze  box.  Both  of  these  ther¬ 
mocouples  were  insulated  with  a  soft  material  and  it  is  possible 
that  the  insulation  was  scraped  off  in  localized  areas  in  initial 
installation. 

After  brazing,  visual  inspection  of  the  part  showed  only  a 
small  amount  of  alloy  flow  at  the  panel  edges.  Also,  discolor¬ 
ation  was  evident  around  the  periphery  of  the  part  and  in  the  hog- 
out  areas.  The  part  was  inspected  by  NDI  and  sent  to  the  engin¬ 
eering  test  lab  for  further  evaluation. 
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Before  brazing  the  603FTB035-7A  test  specimen,  special  braze 
tests  were  run  using  1/4"  x  1/4"  x  6"  x  6"  test  parts.  These 
specimens  were  run  to  refine  brazing  parameters.  Specifically, 
the  variables  investigated  were  effect  of  time  delay  between 
cleaning  and  brazing,  the  effect  of  sanded  braze  alloy  vs.  as- 
received  alloy,  heating  rate,  and  the  effect  of  using  titanium 
plate  previously  subjected  to  a  braze  cycle. 


Based  on  results  of  the  previously  brazed  603FTB035  parts 
and  results  of  special  tests  several  tooling  and  process  changes 
were  incorporated  into  the  procedure  for  brazing  the  603FTB035-7A 
test  specimen.  The  major  changes  include: 

(1)  Central  location  of  argon  supply  tubes  to  improve  purging 
in  upper  and  lower  hog-out  areas.  (Figure  5-37) 

(2)  Elimination  of  insulation  on  top  of  braze  box  during 
braze  heat  cycle  (to  increase  heating  rate). 

(3)  Higher  furnace  temperature  in  initial  stage  of  braze 
cycle  (to  increase  heating  rate) . 

(4)  Increased  energy  input  into  furnace  during  braze  cycle 
(to  increase  heating  rate) . 

Tooling,  thermocouple  inlet  locations,  and  lay-up  procedure 
are  illustrated  in  Figures  5-32  through  5-37  and  a  complete  tool¬ 
ing,  layup  and  braze  check  off  list  for  603FTB035-7A  is  shown 
below : 

1.  Clean  braze  block  with  isopropyl  alcohol  and  clean  cheese¬ 
cloth. 

2.  Bake  braze  block  at  1600°F  for  15  minutes. 

3.  Clean  braze  box 

a.  Vacuum 

b.  Isopropyl  alcohol  and  clean  cheesecloth. 

4.  Insert  braze  block  in  braze  box. 
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Figure  5-36  BRAZE  BOX  ILLUSTRATING  TITANIUM  LAMINA 
AND  FILLER  BLOCKS 
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5.  Fabricate  thermocouple  tubes. 

6.  Leak  check  thermocouple  tubes. 

7.  Clean  thermocouple  tubes  -  vapor  degrease  (150°F  tank). 

8.  Weld  thermocouple  tubes  in  braze  box. 

9.  Fabricate  caul  sheets. 

10.  Disc  grind  surface  of  caul  sheets  to  remove  oxides  and 
manufacturer's  identification  (ink  stencil). 

11.  Clean  both  surfaces  of  caul  sheets  with  alcohol  and  clean 
cheesecloth. 

12.  Paint  upper  surfar. '  „•£  caul  sheets  with  stop-off  (Stopyt), 

air  dry,  bake  at  for  10  minutes. 

13.  Fabricate  lower  argon  line  of  0.250-inch  diameter,  0.020" 
wall,  321  stainless  steel  tube. 

a.  Drill  (9)  0.038-inch  holes  and  (9)  0.031-inch  holes  in 
tube  using  prepared  template  for  hole  spacing.  Smaller 
holes  will  be  at  argon  entry  end. 

b.  Deburr  holes  and  flare  one  end. 

c.  Clean  argon  -supply  line  using  vapor  degrease  (150°F 
tank) . 

d.  Plug  weld  end  of  argon  line. 

e.  Drill  1/4-inch  hole  in  braze  box  to  receive  lower  argon 
line. 

f.  Locate  and  weld  tube  to  braze  box.  Holes  to  be  normal 
to  top  surface  of  braze  plate. 

14.  Seal  weld  the  argon  and  (5)  T/C  tubes  directly  beneath  the 
atmosphere  barrier.  Grind  welds  flush  with  top  of  base 
plate. 

15.  Locate  slip  sheets  (2)  on  top  of  braze  block. 

16.  Locate  caul  sheets  in  braze  box  on  top  of  slip  sheets. 
Maintain  1/4  inch  minimum  gap  between  each  caul  sheet. 

Tack  weld  one  place,  each  sheet  on  end  near  argon  line. 
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17.  Drill  (1)  hole  for  upper  argon  line  in  the  vacuum  end  of 
barrier. 

18.  Drill  (2)  1/8"  vent  holes  in  the  opposite  end  of  atmosphere 
barrier  located  8"  in  from  the  corners. 

19.  Fabricate  picture  frame  type  spacer  (0.100-inch  thick  321 
stainless  steel)  and  locate  in  braze  box. 

20.  Place  atmosphere  barrier  in  braze  box  (on  top  of  picture 
frame) . 

21.  Mill  T/C  slot  in  (3)  filler  blocks.  Paint  one  surface  and 
all  edges  of  16  filler  blocks  with  (Stopyt)  and  bake  off  at 
800°F  for  30  minutes. 

22.  Prepare  upper  argon  supply  line. 

a.  Flatten  1/4-inch  diameter  321  stainless  steel  tube  to 
0.200- inch  height. 

b.  Drill  argon  exit  holes  with  size,  location,  and  pattern 
as  described  in  13a.  Flare  one  end  of  tube. 

c.  Clean  argon  line  using  vapor  degrease  (150°F  tank). 

d.  Crimp  end  of  upper  argon  line  and  seal  weld. 

Reference  Material 

CSA  760-8-6-1  603FTB035-9  Plate 

CSA  760-8-7-1  603FTB035-9  Plate 

CCA  760-8-8-1  603FTB035-11  Plate  (center  plate) 

23.  Inspect  and  log  test  tag. 

24.  Prefit  details  and  rough  trim  braze  alloy  to  details. 

25.  Remove  all  oxides  from  surfaces  of  the  -9  and  -11  details. 
Use  vibro  sander  with  320  grit  paper. 

26.  Acid  clean  details  (P.S.  40.01-25  section  2)  Reference  the 
following  cleaning  procedure. 

a.  Wipe  with  clean  cheesecloth  and  acetone  to  remove  light 
oils  and  fingerprints.  Handle  parts  with  clean  cotton 
gloves  after  this  operation  until  brazing  has  been  com¬ 
pleted. 
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27. 

28. 


b.  Attach  parts  to  cleaning  rack  then  complete  the  follow¬ 
ing  operations. 

o  Alkaline  soak  at  180  +  10°F,  15  minutes,  tank  650. 

o  Hot  rinse  at  180  +  10°F,  5  minutes,  tank  651. 

o  Nitric-hydrofluoric  pickle  at  room  temperature, 

1  minute,  tank  652. 

o  Cold  rinse  at  room  temperature,  45  seconds,  tank  653. 

o  Repeat  the  pickling  and  rinsing  operations  until  a 
total  of  5  cycles  have  been  completed. 

o  Nitric  acid  desmut  at  room  temperature,  5  minutes, 
tank  721. 

o  Deionized  water  rinse  at  room  temperature,  5  minutes, 
tank  722. 

o  Allow  parts  to  drip  dry.  Clean  cheesecloth  may  be 
used,  as  a  wick,  to  remove  water  from  depressions 
that  will  not  drain  easily. 

Inspect 

Remove  wires  from  parts  and  wrap  in  clean  brown  paper. 

Handle  parts  with  clean  cotton  gloves. 


29.  Forward  parts  to  lay-up  area,  Col.  41  C-D. 

Note:  All  succeeding  operations  shall  be  accomplished  per 
instructions  from  L.  I.  Burnett,  extension  4461  and 
will  be  monitored  by  the  assigned  MR&D  brazing 
engineer . 

30.  Check  braze  box  to  see  that  the  caul  sheets  are  in  correct 
location. 

Note:  Paint  top  sides  of  caul  sheets  with  stop-off  and 
bake  at  800°F  10  minutes  prior  to  location. 

31.  Prefit  and  trim  the  brazing  alloy  to  fit  the  lower  -9  plate. 
Punch  9/32-inch  holes  on  four  inch  centers  in  the  brazing 
alloy  for  the  0.250  x  0.002-inch  thick  stainless  steel 
spacers. 
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32. 

33. 


34. 

35. 

36. 


37. 

38. 

39. 


40. 


41. 

42. 

43. 

44. 


Sand  braze  alloy  with  240  grit  paper. 

Wipe  braze  alloy  and  -9  plate  with  distilled  isopropyl 
alcohol  and  clean  cheesecloth  to  remove  fingerprints  or 
other  contamination.  Handle  parts  only  with  white  cotton 
gloves. 

Locate  and  tack  the  braze  alloy  and  spacers  to  the  -9  plate. 
Do  not  overlap  the  alloy  joints. 


Locate  the  -9  plate  in  braze  box. 
inside  the  atmosphere  barrier. 


Equally  space  the  plate 


Locate  filler  blocks  in  hog-outs  of  -9  plate.  Paint  all 
surfaces  with  stop-off  and  bake  at  800°F  30  minutes  prior 
to  locations.  Do  not  use  stainless  steel  retainer  strips 
around  the  perimeter  of  the  hog-outs. 

Inspect  the  -11  plate  for  water  marks  or  other  contamination. 
Remove  any  contamination  with  distilled  isopropyl  alcohol 
and  clean  cheesecloth.  Use  cotton  gloves  for  handling  part. 

Locate  the  -11  plate  on  top  of  the  -9  lower  plate. 

Punch  5/32-inch  holes  in  the  alloy.  Remove  contamination 
with  distilled  alcohol  and  clean  cheesecloth.  Handle  parts 
only  with  cotton  gloves.  Tack  alloy  to  the  surface  of  -11 
plate.  Locate  and  tack  0.002  thick  x  1/8  inch  dia.  stainless 
steel  spacers  in  each  hole  in  the  alloy (holes  to  be  4"  centers) 

Remove  contamination  with  distilled  alcohol  and  clean  cheese¬ 
cloth.  Handle  parts  only  with  cotton  gloves.  Locate  the 
-9  upper  plate  on  top  of  the  -11  center  plate.  Scribe  the 
braze  alloy  around  the  perimeter  of  each  hog-out  in  -9  plate. 
Remove  -9  plate  and  trim  out  alloy  to  the  scribe  lines. 

Relocate  the  -9  upper  plate  in  the  braze  box. 

Tack  weld  a  0.002  x  1  inch  stainless  steel  strip  over  the 
braze  joints  around  the  perimeter  of  the  parts. 

Locate  the  filler  blocks  in  the  center  of  the  hog-outs. 

Note:  Paint  surfaces  with  stop-off  and  bake  at  800°F 
30  minutes  prior  to  location. 

Preform  a  1  inch  wide  titanium  ribbon  into  a  sinewave  con¬ 
figuration  and  place  in  braze  box.  Ribbon  is  required  both 
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inside  and  outside  of  the  atmosphere  barrier. 

45.  Locate  0.100-inch  thick  cover  sheets  on  top  of  panel. 

Note:  Paint  lower  surfaces  with  stop-off  and  bake  at  800°F 

10  minutes  prior  to  location.  Locate  and  weld  upper 
argon  line  in  braze  box. 

46.  Locate  vacuum  sheet  and  trim  to  size.. 

47.  Weld  vacuum  sheet  to  braze  box. 

48.  Check  for  leaks. 

49.  Argon  purge  braze  box  15  cycles,  hold  maximum  vacuum  3  min. 
(accomplish  at  furnace  with  liquid  argon). 

50.  Locate  (5)  1/8"  diameter  Inco  sheath  chromel-alumel  thermo¬ 
couples  25  feet  long  into  tubes  in  sides  of  braze  box. 

One  (1)  T/C  on  top  of  box  in  1  x  8  x  8-inch  steel  block. 

51.  Place  one  layer  of  fiberfrax  inside  the  "C"  channels  of  the 
braze  box.  Purge  box  5  minutes  at  17"  Hg  vacuum  and  10  CFH 
argon. 

52.  Set  furnace  temperature  at  1400°F  prior  to  locating  panel 
in  furnace.  Place  panel  in  furnace  and  tu\n  furnace  heat 
controls  to  1650°F.  Allow  low  T/C  to  reach  1600°F  and  ad¬ 
just  controls  to  hold  for  15  minutes. 

Note:  Turn  argon  off  at  900°F  on  heat  up.  Adjust  vacuum 
to  17"  Hg  vacuum. 

53.  Turn  furnace  control  off  and  cool  until  T/C  #2  reads  1200°F. 

54.  Remove  retort  from  furnace  and  place  two  layers  of  fiber¬ 
frax  on  top  of  box.  Cool  to  room  temperature. 

55.  Forward  to  pilot  shop,  Col.  47 J  on  mezz. 

56.  Open  retort  -  remove  brazed  assembly  and  remove  all  oxides 
and  alloy  from  surfaces. 

57.  Identify  with  assembly  part  number. 

58.  X-ray  inspect. 

59.  Ultrasonic  inspect  (Attention:,  D.  L.  Duncan)  (Col.  47 J  Mezz.) 
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60.  Record  all  data. 


61.  Forward  to  stock  room  No.  1000. 

5.1.3. 5  Lay-up  of  Details  for  603FTB035-7A  Test  Specimen 

To  avoid  excessive  contamination  of  the  clean  titanium  de¬ 
tails  and  braze  alloy  effort  was  made  to  minimize  the  time  be¬ 
tween  acid  cleaning  and  brazing.  Also,  handling  of  details  was 
kept  to  a  minimum  and  clean  white  cotton  gloves  were  used  at  all 
times.  In  periods  of  inactivity  during  the  lay-up  procedure,  all 
details  were  covered  with  brown  kraft  paper.  A  pictorial  history 
of  lay-up  through  sealing  the  braze  box  is  shown  in  the  photo¬ 
graphs  in  Figures  5-38  through  5-45. 

Other  precaution  taken  in  lay-up  procedure  included  an  in¬ 
creased  cure  cycle  for  the  stop-off  material  (Stopyt)  used  on 
caul  sheets,  cover  sheets,  and  filler  blocks  and  an  elimination 
of  the  use  of  refrasil  cloth  in  the  braze  box.  Smoke  originating 
in  the  braze  box  in  previous  runs  was  traced,  by  tests,  to  uncured 
stop-off  material.  Tests  also  demonstrated  that  a  thermal  treat¬ 
ment  of  800°F  for  10  minutes  was  sufficient  to  eliminate  the  smoke. 
It  was  also  believed  that  refrasil  cloth  contributed  to  contami¬ 
nation,  therefore  its  use  was  discontinued. 

The  braze  box  containing  603FTB035-7A  was  placed  in  a  fur¬ 
nace  operating* at  1400°F.  After  placement  in  the  furnace  the 
temperature  controller  was  raised  to  1650°F.  At  about  1500°F 
(furnace  temperature)  input  was  automatically  reduced  to  95  to 
98%.  As  furnace  temperature  increased  the  furnace  automatic 
controller  decreased  BTU  input.  To  avoid  a  slowing  down  in  the 
heat-up  rate  of  the  braze  panel,  BTU  input  was  controlled  manually 
to  maintain  100%.  Manual  control  was  continued  until  the  furnace 
reached  1645°F.  At  this  temperature  BTU  input  was  cut  to  zero 
for  three  minutes  then  gradually  increased  to  maintain  1650°F. 

The  manual  input  control,  coupled  with  the  effect  of  the  omitted 
insulation  on  top  of  the  braze  box,  increased  heat-up  rate  con¬ 
siderably  as  compared  to  previous  braze  runs  with  similar  panels. 
(See  Figure  5-46. )The  braze  time /temperature  cycle  for  603FTB035-7A 
is  shown  in  the  graphs  in  Figures  5-47  through  5-51.  Thermocouple 
locations  are  the  same  as  shown  previously  in  Figures  5-11  and 
5-37.  The  planned  heating  rate  for  603FTB035-7A  was  4°F  per  minute 
in  the  range  between  1400°F  and  maximum  braze  temperature.  A  heat¬ 
ing  rate  3.8°F  per  minute  was  attained. 
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Figure  5-38  UPPER  TITANIUM  DETAIL  FOR  603FTB035-7A  BRAZE  TEST 
SPECIMEN  IMMEDIATELY  AFTER  ACID  CLEAN 


Figure  5-39  LAY-UP  OF  BRAZE  ALLOY  ON  LOWER  PLATE  OF 
603FTB035-7A  TEST  SPECIMEN 
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Figure  5-40  PLACEMENT  OF  CENTER  TITANIUM  DETAIL  AFTER  LAY-UP 

OF  BRAZE  ALLOY  ON  LOWER  TITANIUM  DETAIL  -603FTB035-7A 
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Figure  5-41  LAY-UP  OF  BRAZE  ALLOY  ON  UPPER  SURFACE  OF  CENTER 
TITANIUM  PLATE  (TOP  BRAZE  LINE)  FOR  603FTB035-7A 
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Figure  5-44  PLACEMENT  OF  COVER  SHEETS  ON  TOP  OF  LAID-UP 
ASSEMBLY  OF  603FTB035-7A 
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Figure  5-45  WELDING  VACUUM  SHEET  ON  BRAZE  BOX  RETORT  FOR 
603FTB035-7A 
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Figure  5-46  HEAT-UP  RATE  COMPARISON  OF  603FTB035-3C  AND 


#  1 T/C  TIME  (HOURS) 


Figure  5-47  BRAZE  CYCLE  FOR  603FTB035-7A  THERMOCOUPLE  NO 


TEMPERATURE  (°F)  ro  TBAPERATURE  (°F) 


Cngr.  No.  603FTB035-7A 

AMAVS  LAM  I NATED  BRAZING  MR  8,0  No. _ 


5-48  BRAZE  CYCLE  FOR  603FTB035-7A  THERMOCOUPLE  NO.  2 

Engr.  No.  603FTBQ35-7A 

AMAVS  LAMINATED  BRAZING  MR&O  No. _ 


Figure  5-49  BRAZE  CYCLE  FOR  603FTB035-7A  THERMOCOUPLE  NO.  3 
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Figure  5-50  BRAZE  CYCLE  FOR  603FTB035-7A  THERMOCOUPLE  NO.  4 
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Figure  5-51  BRAZE  CYCLE  FOR  603FTB035-7A  THERMOCOUPLE  NO.  5 
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Visual  inspection  of  the  brazed  part  showed  good  filleting, 
alloy  wetting,  and  flow  in  both  braze  lines  around  all  exposed 
edges.  There  was  little  discoloration  on  the  titanium  details. 
Examples  of  alloy  filleting  and  flow  are  shown  in  the  photographs 
in  Figures  5-52  and  5-53.  The  upper  and  lower  surfaces  of  the 
brazed  part  are  shown  in  the  photographs  in  Figures  5-54  and 
5-55. 

Ultrasonic  inspection  showed  narrow,  intermittent  light 
voids  extending  in  the  longitudinal  direction  the  entire  length 
of  the  part.  It  is  believed  that  these  voids  resulted  from 
longitudinal  depressions  in  the  braze  surface  of  the  titanium 
details.  The  titanium  braze  details  for  this  part  were  finished 
for  brazing  by  wet  precision  belt  grinding  after  rough  machining 
both  surfaces.  Previous  inspection  of  the  details  after  grind¬ 
ing  had  detected  longitudinal  depressions  running  the  length  of 
the  part  (see  Figure  5-56) .  The  most  severe  depressions  had  a 
maximum  depth  of  0.001-inch  over  a  width  of  1.5-inches.  This 
condition  was  apparent  in  varying  degrees  in  all  three  titanium 
details . 


Braze  Alloy  Used  in  603FTB035-3C  and  -7A 


The  braze  alloy  used  in  test  parts  603FTB035-3C  and  -7A  was 
an  Ag-Al-Mn  alloy  supplied  by  Western  Gold  and  Platinum  Co.  of 
Belmont,  California.  After  receipt  of  the  alloy  liquidus-solidus 
tests  were  run  to  verify  the  compatibility  of  the  alloy  with  the 
projected  brazing  temperature.  Curves  from  which  liquidus- 
solidus  determinations  were  made  are  shown  in  Figures  5-57  and 
5-58. 


5.2  WIDE-AREA  ADHESIVE  BONDING 

Large  Beta  C  titanium  adhesive  bonded,  metal  laminate  (3  and 
4  ply)  bulkhead  panels  were  required  for  both  the  FSRL  and  "No 
Box'1  box  designs. 

Details  for  a  typical  bulkhead  panel  (Figure  5-59)  were 
prepared  to  determine  if  machining  cutouts,  pockets  and  "finger 
strips"  would  cause  distortion  detrimental  to  bonding.  In  addi¬ 
tion,  a  1/8  x  36  x  40  inch  sheet  of  Beta  C  titanium  was  chemi¬ 
cally  etched  to  evaluate  this  method  of  metal  removal  as  an 
alternate  to  machining. 
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Figure  5-52  UPPER  PLATE  SURFACE  OF  BRAZED  603FTB035-7A- 
NOTE  ALLOY  FILLETING  IN  HOG-OUT  AREA 


Figure  5-53  LOWER  PLATE  SURFACE  OF  BRAZED  603ITB035-7A- 
NOTE  ALLOY  FILLETING  IN  HOG -OUT  AREA 


Figure  5-56  BRAZE  SURFACE  OF  CENTER  TITANIUM  PLATE  FOR 
603FTB035-7A 


BRAZE  ALLOY  USED  IN  603FTB035-3C  BRAZE  ALLOY  USED  IN  603FTB-35-7A 
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Figure  5-59  SIMULATED  4  PLY  BULKHEAD  PANEL  (ADHESIVE 
BONDED  BETA  C  TITANIUM) 


Machining  and  bonding  tests  were  not  completed.  Failure  of 
the  Beta  C  titanium  to  meet  critical  engineering  requirements 
deleted  the  material  from  the  carry-through  structure  design  and 
the  machining  and  bonding  tests  were  terminated.  However,  the 
chemical  etching  test  was  completed  and  significant  data  obtained. 

Pockets  and  cutouts  were  etched  from  the  1/8  inch  Beta  C 
titanium  alloy  sheet  as  shown  in  Figure  5-60.  The  pockets  were 
approximately  0.060-in.  deep.  Etching  operations  drastically 
changed  the  sheet  contour,  making  it  unsuitable  for  bonding. 
Curvature  greater  than  one  inch  occurred  along  the  40  inch  sheet 
length  as  shown  in  Figure  5-61.  In  addition,  the  etched  pocket 
areas  "canned" 0. 100  inch  or  greater,  away  from  area  where  the 
material  was  removed.  Figure  5-62  shows  this  distortion  on  the 
material  side  opposite  of  the  etched  pockets  (areas  that  contact 
the  straight  edge). 

Analysis  of  specimens  taken  from  selected  areas  in  the  panel 
showed  extremely  high  hydrogen  pickup  by  the  Beta  C  alloy  from 
chemical  etching. 


Area 

h2  (ppm) 

No  chemical  etch 

78 

Edge  etched 

150 

Bottom  of  pocket  1 

534 

Bottom  of  pocket  2 

573 

Chem  etching  thickness  results  are  shown  in  Figure  5-63. 
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Figure  5-60  CHEMICALLY  ETCHED  TEST  PANEL  (1/8  X  36  X  40  INC* 
BETA  C  TITANIUM) 


OVERALL  WARPAGE  OF  1/8  INCH  BETA  C  TEST  PANEL 
FROM  CHEMICAL  ETCHING 


Figure  5-62  WARPAGE  RESULTING  FROM  CHEMICAL  ETCHING  .060  INCH 
DEEP  POCKETS  IN  1/8  INCH  BETA  C  TITANIUM 


O  «-* 


5.3  WELDING  10  NI  STEEL 


The  NBB  configuration  includes  several  10  Ni  steel  welded 
oints  in  relatively  thick  material.  An  industry  survey  dis- 
losed  very  limited  information  on  gas  tungsten  art  (GTA)  weld¬ 
ing  of  10  Ni  steel,  and  no  data  on  electron  beam  (EB)  welding. 
Development  programs  were  initiated  to  provide  the  necessary 
data  on  both  processes. 

5.3.1  Electron  Beam  Welding 


The  objectives  of  the  EB  weld  program  were  to  establish 
capability  and  process  limitations  for  joining  various  thick¬ 
nesses  of  10  Ni  (HY-180)  steel. 

Requirements  for  EB  butt  welds  *.*u  the  NBP  design  were 
originally  in  0.375,  0.90  and  2.10-inch  thick  10  Ni  steel.  Sub¬ 
sequent  design  refinements  changed  the  maximum  section  thickness 
to  1.6  inches.  EB  weld  parameters  were  successfully  developed 
for  0.50-inch  thick  10  Ni  steel  and  consistently  good  welds  pro¬ 
duced.  Efforts  to  EB  weld  1. 6-inch  thick  10  Ni  were  unsuccess¬ 
ful.  Defect  free  welds  could  not  be  consistently  made  with  the 
limited  available  material.  This  does  not  mean  that  thick  sec¬ 
tions  of  10  Ni  steel  cannot  be  EB  welded,  however,  considerable 
time  and  material  will  be  required  to  achieve  consistent,  good 
quality  welds  on  1.0-inch  and  thicker  material. 

5. 3. 1.1  Development  of  Weld  Parameters  for  Thiek  10  Ni  Material 

(1.0  and  1.6  inch) 

Based  on  previous  EB  welding  experience  with  other  materials, 
the  ideal  EB  weld  nugget  is  parallel-sided  with  a  uniform  crown 
on  the  face  of  the  weld.  Full  (100%)  penetration  welds  should 
have  a  uniform  root,  the  width  of  which  is  dependent  on  the  weld¬ 
ing  parameters  and  material  heat  transfer  characteristics. 

In  EB  welding  thick  sections  of  material,  the  face  and  root 
surface  condition  is  dependent  upon  surface  tension  supporting 
the  column  of  molten  metal  as  the  weld  is  being  made.  Insuffi¬ 
cient  surface  allowed  the  10  Ni  material  to  flow  and  form  an 
extremely  heavy  globular  underbead  (Figure  5-64)  when  welding 
speed  was  decreased  or  beam  power  increased  to  get  full  penetra¬ 
tion.  The  sag  of  these  globules  caused  a  severe  underfill  on 
the  face  of  the  weld  and  even  with  added  filler  metal,  produced 
gross  internal  voids  as  shown  by  the  longitudinal  X-ray  in  Fig¬ 
ure  5-65. 

Weld  parameter  adjustments  to  eliminate  this  condition 
consisted  of  a  careful  increase  in  speed  to  reduce  the  time  at 
melting  temperature  or  a  reduction  of  beam  current  density. 
Balance  of  the  welding  parameters  became  more  sensitive  as  the 
material  thickness  increased.  The  effect  of  small  changes  is 
illustrated  in  Figure  5-64  where  a  change  of  2  inches  per  minute 
weld  speed  drastically  altered  the  weld  root  shape. 
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UNIFORM-  GLOBULAR- 

PENETRATION  PENETRATION 


EB  WELD  ROOT  OF  1.6  INCH  THICK  10  Ni  STEEL 
SHOWING  GLOBULAR  AND  UNIFORM  PENETRATION 


X-RAY  OF  WELD  SPECIMEN  FROM  FIGURE  5-64 
SHOWING  VOIDS  AND  MICROFISSURES 


The  longitudinal  X  ray  (Ref.  Figure  5-65)  of  this  particu¬ 
lar  weld  shows  voids  above  the  globules  and  micro  fissures  above 
the  uniform  root.  The  microfissures  shown  are  typical  for  thick 
section  EB  welds  on  low  alloy  steels.  In  many  cases,  they  are 
impossible  to  detect  by  conventional  X-ray  techniques  because 
of  the  small  size  and  location.  However,  ultrasonics  was  suc¬ 
cessfully  used  to  inspect  EB  welds  on  10  Ni  in  the  "as  welded" 
condition  after  the  weld  reinforcement  was  removed.  Ultrasonic 
inspection  results  were  verified  by  macro  section  and  longitu¬ 
dinal  section  X  ray. 

Beam  Focus 

Heat  input  for  electron  beam  welding  is  controlled  by  four 
basic  parameters;  voltage,  beam  current,  weld  travel  speed  and 
the  diameter  of  the  beam  at  the  surface  or  within  the  workpiece. 
This  beam  crossover  point  location  is  usually  refereed  to  as 
face,  midpoint  or  root  focus  and  simply  indicates  the  point  of 
maximum  beam  current  density.  The  work  accomplished  to  date 
indicates  that  very  close  control  of  the  beam  focal  point  and 
its  resulting  weld  profile  is  extremely  important  in  obtaining 
sound  EB  welds  in  10  Ni  steel. 

Initial  bead-on-plate  studies  on  2.0-inch  thick  10  Ni  con¬ 
sisted  of  determining  the  effect  of  the  focal  point  on  the  weld 
geometry.  Midpoint  focus  resulted  in  the  best  weld  cross  sec¬ 
tion  geometry.  However,  the  parallel  side  weld  geometry  obtained 
with  0.500-inch  thick  material  (Figure  5-66),  was  not  obtained  on 
the  thicker  sections.  Macro  sections  of  1.6-inch  thick  welds 
shown  in  Figure  5-6?  (A,  B  and  C)  are  typical  examples  of  micro¬ 
fissures  that  occurred  in  the  center  of  non-parallel  sided  welds. 
This  indicates  that  solidification  occurred  last  in  that  area, 
forming  a  crack  when  the  relatively  weak  hot  metal  attempted  to 
contract  and  pull  the  adjacent  strong  cold  metal  with  it. 

Figure  5-67  (P)  shows  a  defect  free  macrosection. 

Beam  Oscillation 

Beam  oscillation  is  sufficient  to  produce  parallel-sided 
weld  geometry  on  thinner  sections,  such  as  the  0.500-inch  thick 
weld  shown  in  Figure-5-68.  Attempts  to  spread  the  weld  with 
beam  oscillation  in  the  thicker  sections  were  unsuccessful. 


Multipass  Weldim 


Welds  were  made  using  both  single  and  multipass  techniques, 
but  no  appreciable  difference  could  be  noted  on  the  weld  quality. 
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Figure  5-66  MA^.RO  AND  MICRO  STRUCTURE  OF  EB  WELDED  .500 
INCH  THICK  10  Ni  STEEL  (WELD  NO.  H10) 
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A  -  DEFECTIVE  WELD 


B  -  DEFECTIVE  WELD 


Figure  5-67  MACROS  OF  EB  WELDS  ON  1.61  INCH  THICK  10  Ni  STEEL 
SHOWING  TYPICAL  MICROFISSURES  AND  GOOD  WELD 
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Figure  5-68  MACRO  AND  MICRO  STRUCTURE  OF  EB  WELDED  .500 
INCH  THICK  10  Ni  STEEL  (WELD  NO.  HU) 
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It  is  significant  that  defects  found  in  the  cross-section  macros 
could  not  be  attributed  to  the  multipass  technique  since  defects 
are  not  near  the  root  of  the  filler  pass. 

Filler  Wire 


Welds  were  made  with  and  without  filler  wire  to  study  the 
effects  added  filler  metal.  The  results  of  several  bead-on- 
plate  welds  with  added  filler  did  not  solve  the  cracking  prob¬ 
lems  but  did  increase  the  gap  allowance  from  +  0.005  inch  to  + 

0.020  inch.  Machine  cleanup  of  both  face  and  root  beads  was  also 
reduced  from  0.090  inch  per  surface  to  less  than  0.030  inch  per 
surface  by  using  filler  wire. 

Weld  Shrinkage 

Transverse  shrinkage  measurements  were  made  across  two  1.6- 
inch  thick  welds  and  are  shown  in  Table  V-l.  These  measurements 
were  made  on  15-inch  long  welds  to  represent  conditions  that 
would  be  found  in  full  scale  parts.  The  shrinkage  was  small 
and  uniform,  indicating  very  little  movement  in  the  transverse 
plane. 

Backup  Plates 

A  backup  plate  of  the  same  material  is  used  for  EB  welding 
thick  sections  when  the  root  geometry  cannot  be  controlled  by 
adjusting  weld  parameters.  Backup  plates  have  been  used  suc¬ 
cessfully  on  materials  that  are  not  producers  of  high  vapor 
pressures.  In  the  case  of  10  Ni  steel,  the  backup  plates  acted 
as  a  thermal  barrier  and  vapor  trap  instead  of  supporting  the 
molten  metal  column.  This  condition  caused  the  molten  steel  to 
boil  and  form  an  uncontrollable  weld  puddle.  Metal  expulsion, 
in  the  form  of  splatter  and  a  heavily  ionized  vapor  column  back 
streaming  into  the  EB  gun,  caused  high  voltage  discharges  or 
arc  outs.  Weld  root  porosity  resulted  from  the  use  of  backup 
plates  and  no  satisfactory  welds  could  be  made. 

5. 3. 1.2  EB  Welding  of  0.500-Inch  Thick  10  Ni  Steel 

Engineering  design  on  the  main  landing  gear,  drag  fitting 
(common  to  both  WCT  designs)  requires  EB  welds  on  0.375,  0.400 
and  0.500-inch  thick  10  Ni  steel. 

A  limited  number  of  0.500-thick  welds  were  made  to  deter¬ 
mine  joint  efficiency,  weld  shrinkage  and  inspection  methods. 

Weld  shrinkage  on  0.500-inch  thick  welds  is  shown  in  Table  V-2 
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Table  V-l  TRANSVERSE  SHRINKAGE  OF  ELECTRON  BEAM 
WELDS  WITH  1.6  INCH  THICK  10  Ni  STEEL 


SPECIMEN  WIDTH  (INCHES) 
Location  Before  After 

Weldine  Welding 


Transverse 

Shrinkage 


1 

5.970 

5.956 

.014” 

2 

5.970 

5.956 

.014 

3 

5.970 

5.955 

.015 

4 

5.970 

5.955 

.015 

5 

5.970 

5.955 

.015 

6 

5.970 

5.955 

.015 

7 

5.970 

5.955 

.015 

Weld  No.  H-28 

8 

5.970 

5.955 

.015 

9 

5.971 

5.955 

.016 

Average  weld 

10 

5.970 

5.955 

.015 

shrinkage 

11 

5.971 

5.955 

.016 

.0015" 

12 

5.971 

5.955 

.016 

13 

5.971 

5.915 

.016 

14 

5.971 

5.955 

.016 

15 

5.970 

5.956 

.014 

16 

5.971 

5.957 

.014 

1 

5.998” 

5.982” 

.016” 

2 

5.998 

5.591 

.017 

3 

5.997 

5.980 

.017 

4 

5.997 

5.979 

.018 

5 

5.998 

5.980 

.018 

6 

5.998 

5.980 

.018 

7 

5.998 

5.980 

.018 

Weld  No.  H-29 

8 

5.998 

5.980 

.018 

9 

5.998 

5.980 

.018 

Average  weld 

10 

5.998 

5.981 

.017 

shrinkage 

11 

5.998 

5.981 

.017 

.0016" 

12 

5.998 

5.981 

.017 

13 

5.998 

5.982 

.016 

14 

5.998 

5.982 

.016 

15 

5.998 

5.983 

.015 

16 

5.998 

5.984 

.014 

All  measurements  taken  at  1  inch  spacing, 
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Table  V-2  TRANSVERSE  SHRINKAGE  OF  ELECTRON  BEAM 
WELDS  WITH  .500  INCH  THICK  10  Ni  STEEL 


SPECIMEN  WIDTH  (INCHES) 


Location 

Before 

Welding 

After 

Welding 

Transverse 

Shrinkage 

1 

5.500 

5.493 

.007 

2 

5.501 

5.494 

.007 

3 

5.501 

5.493 

.008 

4 

5.501 

5.493 

.008 

5 

5.501 

5.493 

.008 

6 

5.501 

5.493 

.008 

7 

5.502 

5.493 

.009 

Weld  No.  H-ll 

8 

5.502 

5.493 

.009 

9 

5.502 

5.493 

.009 

Average  weld 

10 

5.502 

5.493 

.009 

shrinkage 

11 

5.502 

5.493 

.009 

.0082" 

12 

5.502 

5.494 

.008 

13 

5.502 

5.494 

.008 

1 

5.820 

5.817 

.003 

2 

5.820 

5.816 

.004 

3 

5.821 

5.816 

.005 

4 

5.822 

5.816 

.006 

5 

5.822 

5.816 

.006 

6 

5.823 

5.816 

.007 

7 

5.823 

5.816 

.007 

Weld  No.  H-10 

8 

5.824 

5.817 

.007 

9 

5.824 

5.816 

.008 

Average  weld 

10 

5.825 

5.817 

.008 

shrinkage 

11 

5.826 

5.818 

.008 

.0064" 

12 

5.826 

5.818 

.008 

All 

measurements  taken 

at  1  inch 

spacing . 
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with  an  average  of  0.0064  inch  for  weld  No.  H-10  and  0.0082  inch 
for  weld  No.  H-ll. 

The  two  welded  plates  were  machined  into  tensile  specimens 
and  tested  to  determine  weld  integrity.  The  mechanical  proper¬ 
ties  of  the  two  welds  are  shown  in  Table  V-3.  All  failures 
were  in  the  base  metal  except  weld  No.  H-ll-4  which  had  a  ter¬ 
mination  crack  caused  by  a  missed  joint.  It  is  significant  that 
this  specimen  pulled  174  KSI  before  failure.  Both  welds  were 
made  with  the  same  parameters  (see  weld  schedules  in  Appendix  A 
)  except  that  the  face  pass  was  oscillated  on  weld  No.  H-ll 
and  the  beam  defocused  on  weld  No.  H-10.  X-ray  inspection  of 
both  plates  shows  only  termination  flaws. 

Figure  5-69  shows  the  tensile  specimens  after  they  had  been 
tested.  Note  that  all  failures  are  in  the  base  metal.  The  elon¬ 
gation  averaged  16.2  percent  and  17  percent  for  the  two  welds. 

The  type  of  fracture  surfaces  of  these  specimens  are  typical  for 
10  Ni  steel. 

Welding  schedules  and  beam  current  traces  of  parameter  de¬ 
velopment  welds  are  included  in  the  appendix. 

5.3. 1.3  Conclusions  from  EB  Weld  Tests 

1.  Satisfactory  EB  welds  can  be  made  on  0.375,  0.500,  0.625- 
inch  thick  10  Ni  to  Class  I  quality  standards. 

2.  One-inch  thick  10  Ni  steel  can  be  EB  welded,  but  further 
work  is  required  to  achieve  reproducibility  and  maintain 
quality. 

3.  EB  welding  thicknesses  greater  than  1.0  inch  will  require 
extensive  additional  development  including  both  welding  and 
metallurgical  considerations. 

4.  Transverse  weld  shrinkage  is  consistent  and  can  be  predic¬ 
ted  on  both  thick  and  thin  sections. 

5.  Added  filler  wire  can  be  used  to  minimize  the  amount  of  post 
weld  machining  requirements  and  to  increase  the  gap  tolerance 
from  +  0.005  inch  without  wire  to  +  0.020  inch  with  filler 
wire. 

6.  10  Ni  steel  details  must  be  thoroughly  demagnetized  just 
prior  to  welding.  Any  magnetized  ^reas,  with  a  field  strength 
in  excess  of  1  gauss  on  a  field  sti2ngth  meter,  can  cause 
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Table  V-3  MECHANICAL  PROPERTIES  OF  EB  WELDED  .500  INCH 
THICK  10  Ni  STEEL  TENSILE  TEST  SPECIMEN 
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Figure  5-69  FAILED  TENSILE  SPECIMENS  FROM  EB  WELDED  .500 
INCH  THICK  10  Ni  STEEL  SHOWING  FRACTURES 


serious  beam  deflection 


7.  The  longitudinal  cross-section  method  of  EB  weld  inspection 
must  be  used  for  parameter  development  because  of  the  small 
size  of  flaws  in  thick  section  welds. 

5.3. 1.4  Recommendations  for  EB  Welding  of  10  Ni  Steel 

1.  EB  welding  on  10  Ni  steel  should  be  restricted  to  joint 
thickness  less  than  1.0  inch  until  satisfactory  procedures 
are  developed  for  thicker  sections. 

2.  Use  of  EB  welding  of  10  Ni  steel  on  the  wing  carrythrough 
test  structure  should  include  the  following  procedures: 

o  Witness  lines  should  be  scribed  on  both  face  and  root 
side  of  the  weld  joint  and  included  on  the  engineering 
design. 

o  Beam  current  traces  should  be  required  on  all  EB  welds 

to  assure  reproducibility  and  to  provide  a  permanent  record. 


5.3.2  Gas  Tungsten  Arc  Welding 


5.3.2. 1  Weld  Parameter  Development 

The  first  attempt  at  GTA  welding  0.500- inch  thick  10  Ni 
steel  plate  was  accomplished  using  information  supplied  by  Linde 
and  U.  S.  Steel.  The  information  indicated  that  the  best  frac¬ 
ture  toughness  resulted  from  very  low  heat  input  (KJ)  values  dur* 
ing  welding.  Weld  test  plates  were  machined  with  standard  J- 
grooves  as  shown  in  Figure  5-70.  The  plates  were  set  up  and 
welded  in  the  weld  fixture  shown  in  Figures  5-71  and  5-72. 
Recommended  values  did  not  achieve  300  percent  root  penetration 
and  severe  lack  of  fusion  resulted.  The  weld  current  was  incre¬ 
mentally  increased  100  percent  above  the  recommended  level  with¬ 
out  adequate  root  penetration.  To  conserve  material,  the  weld 
was  cut  out  of  the  plate  and  the  J-Grooves  remachined.  Weld 
travel  speed  was  reduced  from  6  ipm  to  2.5  ipm  and  the  plate  was 
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E  CONFIGURATION 


L-  COPPER  BACKUP  BAR 
GAS  PLENUM  CHAMBER 
-IN.  COPPER  SHIMS  (PRE-BOW) 


SLD  FIXTURE 


rewe.lded.  Penetration  was  achieved.  Further  refinements  were 
made  in  the  weld  parameters  to  obtain  the  weld  schedule  shown  in 
Table  V-4. 

The  root  pass  required  higher  heat  input  than  the  subsequent 
filler  passes.  The  total  joules/inch  input  was: 


H  “  E  x  I  x  60 
S 

H  ■  Heat  Input  (Joules /inch) 

E  ■  Arc  Voltage  arc 

I  «  Total  pulsed  current  for  level  1  and  level  2 
therefore: 

H  -  13.0  (225  x  10  +  180  x  5)  x  60  -  75,600  Joules/inch 

15 

2.0 

The  subsequent  filler  pass  heat  input  is  expressed  as: 
H  “  13  tiPQ.  x  5)  go  -  33,200  Joules /inch 

_(j 

The  capping  pass  which  is  used  solely  to  refine  the 
previous  weld  pass  grain  structure,  is  expressed  as: 

H  -  13.5  (120jO§_L160jS-5)  60  ,  26>3()0  JouWlnch 

4.0 


As  can  be  seen  from  the  above  data,  it  is  very  easy  to  alter 
the  pulsed  arc  heat  input  by  either  varying  the  current  level  or 
tni  duration  of  current.  However,  the  heat  input  values  as  ex¬ 
pressed  above  can  be  used  only  as  a  reference.  It  does  not  take 
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Table  V-4  GTA  WELDING  SCHEDULE  FOR  10  Ni  STEEL 

WELDING  SCHEDULE  FOR  MECHANIZED  FUSION  WELDING 

PROGRAM  AAJ4  K3 _ DATE  4-4*73 _ 

MATERIAL  /O A'/ Sfttt  THICKNESS  0.500 M.  CONDITION  At/ST, Q6VM7//&  Att 

EQUIPMENT  NO.  36?// _ PART  NO.  603 /?/&&- 2 _ 

PREHEAT  TEMP._  /oo°/r _  _ INTERPASS  TEMP.  /^0-/&0°/^ _ 

PRECLEANING  M4CAW/&?  £0&£ ,  /V//?£  0W£// ,  tY/^0 _ 

NOZZLE  SIZE  A/Q./O  TUNGSTEN:  Type  2%7lY  Diameter  0./Z5 /M 

TUNGSTEN:  Extension  O.fOO /A/.  Shape  _ 

FILLER  WIRE:  Type  /O  A// _ Diameter  O.  045  /A/. _ 

TORCH  GAS:  Type  //£  Flow  90  cfh;  BACKUP  GAS:  Type  //£  Flow  /^cfh 


Weld  Pass  No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Voltage 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13.5 

13.5 

13.5 

Weld  current  (amperage) 

Level  1 

225 

160 

160 

160 

160 

160 

160 

160 

160 

160 

160 

120 

Level  2 

180 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

160 

Number  of  cycles 

Level  1 

10 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

Level  2 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Wire  speed  (ipm) 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

16 

Weld  speed  (ipm)  2444444444  4  4 


into  consideration  variations  of  preheat  or  the  unit  volume  of 
filler  wire  additions.  Also,  if  transverse  arc  oscillation  is 
used,  another  dimensional  factor  must  be  considered.  Therefore, 
data  reported  as  heat  input  alone  is  totally  inadequate.  Another 
important  consideration  in  the  documentation  of  welding  variables 
is  that  of  the  basic  tooling  configuration.  It  was  later  found 
that  some  of  the  recommended  welding  parameters  were  used  to 
weld  10  Ni  steel  on  a  flat  metal  table  using  a  solid  copper  back¬ 
up  plate.  Hence,  no  penetration  was  expected  or  achieved.  Back 
grinding  or  chipping  was  used  to  clean  the  back  side  root  area. 

A  weld  bead  was  then  applied  to  the  back  side.  The  preferred 
method  is  to  use  backup  bars  for  inert  gas  shielding  whenever 
possible,  thus  eliminating  the  back  grinding  or  chipping  opera¬ 
tion.  This,  however,  may  be  necessary  on  thicknesses  in  excess 
of  1/2  inch. 

5 . 3 . 2 . 2  Weld  Set-Up  Procedure 

The  test  plates  were  positioned  in  the  weld  fixture  (Ref. 
Figure  5-71).  A  0.030  x  0.375-inch  copper  strip  was  used  for 
shims  to  provide  prebow  to  compensate  for  weld  distortion.  Weld 
run  off  tabs  (Ref.  Figure  5-72)  were  installed  so  that  arc  initi¬ 
ations  and  terminations  would  not  be  included  in  the  weld  plate 
test  zones.  The  test  plates  were  stainless  steel  wire  brushed 
and  MEK  wiped.  An  oxy-acetylene  torch  was  used  to  preheat  the 
test  plates  to  approximately  100°F.  Weld  passes  were  then  made 
keeping  the  interpass  temperature  between  150  -  180°F. 


5. 3. 2. 3  Weld  Shrinkage 


Transverse  weld  shrinkage  was  measured  after  the  weld  param 
eters  were  established.  A  ground  gage  block  was  placed  on  top 
of  the  unwelded  plates,  and  lines  were  scribed  along  the  edges 
of  the  gage  block  at  each  end  of  the  plate.  The  distance  be¬ 
tween  the  scribe  lines  was  measured  and  recorded.  The  test 


plates  were  welded  and  the  scribe  lines  were  remeasured.  The 
net  difference  is  the  actual  transverse  weld  shrinkage.  As 
shown  in  Table  V-5,  the  average  shrinkage  for  the  starting  end 
of  the  weld  was  0.019  inch  and  the  finished  end  of  the  weld  was 
0.027  inch.  The  average  weld  shrinkage  was  0.023  inch.  The 
shrinkage  experienced  is  approximately  half  that  of  most  other 
high  strength  materials  welded  in  the  same  manner.  The  low 
shrinkage  most  likely  resulted  from  the  pulsed  arc  welding  mode. 
Further  work  should  be  pursued  to  define  the  benefits  from  using 
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Table  V-5  TRANSVERSE  GTA  WELD  SHRINKAGE  DATA 
1/2"  THICK  10  Ni  STEEL 
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5.3. 2. 4  Weld  Producibility  Test  Specimen 

The  NBB  designs  were  reviewed  and  evaluated  with  Engineering 
Design  on  the  usage  of  GTA  welding.  Because  of  the  thicknesses 
involved  in  the  bulkhead  T-members,  it  was  decided  these  members 
would  best  be  electron  beam  welded.  GTA  welds  were  thus  limited 
to  the  bulkhead  web  areas.  The  weld  joints  were  designed  to 
make  the  final  welds  by  GTA  because  the  assembly  was  too  large 
for  available  electron  beam  weld  chambers. 

A  simulated  test  detail  was  designed  to  represent  the  web 
to  T-member  joint.  The  weld  fixture  design  is  shown  in  Figure 
5-73.  This  fixture  provides  side  load  pressure  to  assure  tight 
fit  up  of  the  details.  Downward  pressure  for  alignment  is  also 
provided.  Copper  chill  bars  are  provided  to  control  bead  shape 
and  heat  buildup.  A  copper  gas  backup  bar  is  also  used  to  con¬ 
trol  root  penetration  and  provide  inert  gas  shielding. 

The  weld  fixture  was  designed  for  both  the  GTA  and  electron 
beam  welding  tests.  The  GTA  backup  bar  and  support  block  (de¬ 
tails  -4  and  -8)  are  removable  and  replacement  bars  can  be  added 
to  facilitate  electron  beam  welding. 

Two  sets  of  test  details  were  machined  but  were  not  welded. 
These  specimens  are  representative  of  both  the  Yf  992  and  Yf  932 
outboard  bulkheads  (Ref.  X7224071  and  X7224091  respectively). 

5.4  METALLURGICAL  EVALUATION  OF  10  NI  STEEL 

Data  on  heat  treatment  was  generated  as  a  result  of  the  EB/ 
GTA  welding  and  machining  programs.  Weldments  produced  in  es¬ 
tablishing  GTA/EB  weld  parameters  were  cross  sectioned  after  X- 
ray  inspection.  Defects  that  were  picked  up  by  X  ray  were  eval¬ 
uated  by  metallographic  examination.  Macro  and  microphotographs 
were  made  for  records . 

5.4.1  Thermal  Treatment 

Several  pieces  of  10  Ni  steel  were  austenitized  at  1500°, 
1550°,  1650°F  and  double  austenitized  at  1650°  and  1550°F  and  water 
quenched.  Aging  was  accomplished  at  950°F  for  3,  4,  5  or  8  hours 
with  air  cool.  Aging  was  also  accomplished  at  950°F  for  4  or  5 
hours  and  water  quenched.  Other  age  temperatures  were  1050°  and 
1150°F.  Hardness  tests  were  conducted  on  welded  and  base  metal 
specimens  after  welding  and  the  various  thermal  treatments.  GTA 
and  EB  weldments  plus  base  metal  specimens  were  thermally  pro- 
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re  5-73  COMBINATION  GTA  AND  EB  WELD  FIXTURE  FOR 
WELDING  BULKHEAD  TEST  SPECIMENS 
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cessed.  Several  small  plates  were  austenitized  and  water  quenched 
for  machining  tests. 

Plate  stock  in  the  as-received,  "austenitized  and  aged" 
condition  and  "reaustenitized plus  water-quenched"  condition 
were  utilized  in  the  machining  tests  previously  reported. 

5.4.2  Microstructure  Evaluation 

Metallographic  examination  of  the  10  Ni  steel  base  metal 
and  GTA/EB  weldments,  involved  five  different  etchants.  U.  S. 
Steel  Corp.  and  Linde  recommended  a  three-step  etch  procedure. 
Etchant  (I)  -  Use  25%  HNO3  +  ethanol  for  10  to  30  seconds  to  reveal 
solidification  structure ,  etchant  (II)  -  use  40%  sodium  bisulfite 
in  water  for  30  to  120  seconds  to  reveal  the  transformation  struc¬ 
ture,  etchant  (III)  -  use  1%  picric  +  5%  HC1  in  ethanol  for  10 
to  30  seconds  to  reveal  grain  boundary  contrast.  These  etchants 
were  evaluated  separately  and  jointly.  Microstructure  obtained 
is  shown  in  Figure  5-74.  It  was  found  that  the  40  percent  sodium 
bisulfite  reaction  was  too  severe.  A  10  percent  sodium  bisulfite 
etchant  for  30  to  120  seconds  developed  a  better  surface.  Also, 
Nital  etchant  (either  2  or  10  percent  solution)  may  be  utilized 
to  show  the  grain  structure. 

The  1650°  and  the  1650  +  1550°F  solution  treated  (ST)  and 
water  quenched  specimens  showed  a  banded  structure  after  polish 
and  etch,  but  this  type  structure  disappeared  after  the  aging 
operations.  (Figure  5-75  A  and  B) .  The  950°F  age  for  5  hours 
plus  water-quenched  versus  the  950°F  age  for  8  hours  and  air¬ 
cooled  to  room  temperature  shows  that  the  grain  size  varies. 

The  water-quenched  specimen  had  a  grain  size  of  6  to  8  and  the 
air-cooled  specimens  had  a  grain  size  of  8  or  finer.  There  was 
a  drastic  difference  in  the  microstructure  after  the  1500°F 
solution  treated  (Figure  5-75  B  and  C) .  There  was  no  banding  in 
the  1500°F  austenitized  specimens .  Double  solution  treated  (ST) 
and  aged  (STA)  microstructure  is  shown  in  Figure  5-75D. 

5.4.3  Microhardness  Tests 

Test  specimens  taken  from  GTA  weldments,  that  utilized  10 
Ni  steel  purchased  in  the  solution  treated  and  aged  condition, 
were  evaluated  for  microhardness  and  microstructure.  A  traverse 
microhardness  was  made  on  specimens  from  the  center  of  the  final 
GTA  weld  pass,  through  the  multipass  welds,  heat  affected  zones, 
and  the  base  metal.  Weldments  were  aged  at  950°,  1050°  and  1150°F 
for  four  hours  and  air-cooled.  The  Knoop  hardness  was  converted 
to  R"c".  The  950°F  reaged  test  specimens  had  a  minimum  hardness 
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Figure  5-74  COMPARISON  OF  MICROSTRUCTURE  OF  10  Ni  STEEL  USING  VARIOUS  ETCHANTS 
ON  BASE  AND  GTA  WELD  METAL  (200X) 
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Figure  5-75  MICROSTRUCTURE  OF  SOLUTION  TREATED  AND  SOLUTION  TREATED  AND  AGED 
10  Ni  STEEL  -  27.  NITAL  ETCHANT  (200X) 


of  R"c"  37.9  in  the  center  of  the  final  GTA  weld  pass  to  a  maxi¬ 
mum  hardness  of  R"c"  44.9  in  the  primary  heat  affected  zone.  The 
secondary  heat  affected  zone  had  a  hardness  of  R"c"  40  to  42. 

The  base  metal  hardness  ranged  from  R"c"  39  to  41.  Hardness 
values  for  the  third  through  fifteenth  weld  passes  are  shown  in 
Table  V-6.  Macrostructure  of  the  multipass  weld  is  shown  in 
Figure  5-76  B.  Microstructure  of  the  base  and  weld  metal  is 
shown  in  Figure  5-76  A  and  C. 


5 . 5  MACHINING 

5.5.1  Machinabilitv  Evaluation  of  10  Ni  Steel 

Machinability  tests  conducted  during  Phase  II  encompass 
the  basic  metal  removal  operations  anticipated  for  fabricating 
the  wing  carrythrough  test  structure.  The  machinability  test 
data  is  segregated  into  the  following  categories  of  machine 
operations . 

1.  Band  sawing  and  cut-off  sawing 

2.  Turning  and  boring 

3.  Machine  drilling  and  reaming 

4.  End  milling 

5.  Skin  milling 


5. 5. 1.1  Band  Sawint 


Band  sawing  tests  were  conducted  on  10  Ni  steel  plate  speci¬ 
mens,  1.0-inch  thick  x  4.8-inches  wide  x  17.5-inches  long.  Based 
on  the  1.0-inch  plate  thickness  a  6  pitch  (tooth)  blade  was  selec¬ 
ted.  A  standard  1  inch  x  6P  Simonds  "Weld  Edge"  premium  HSS  blade 
was  used  for  the  t^«t.  A  band  speed  of  90  surface  feet/minute 
(SFM)  was  initially  used  and  failed  alter  0.5  square  inch  of  cut. 


A  new  blade  was  installed  and  adjusted  to  maximum  recommended 
band  tension.  A  band  speed  of  55  SFM  produced  good  cuts  at  an 
average  sawing  rate  of  0.5  sq.  in. /min.  A  DoAll  variable  speed 
contourmatic  power  feed  band  saw  was  used  for  all  tests  to  simu¬ 
late  the  sawing  speeds  and  feed  rates  of  other  sawing  operations 
All  sawing  test  cuts  were  accomplished  without  coolant. 
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5. 5. 1.2  Boring  and  Turn  in; 


A  series  of  single  tool  boring  tests  were  conducted  on  a 
Monarch  engine  lathe  in  the  MR&D  machining  test  center.  The 
lathe  is  equipped  with  an  infinitely  variable  spindle  speed 
selector  with  visual  readout  of  spindle  speeds.  Availability 
of  10  Ni  steel  for  this  test  was  limited  co  (2)  pieces  1.0  inch 
thick  x  5  inches  wide  x  10  inches  long.  Tests  were  conducted 
by  boring  a  series  of  holes,  starting  with  a  1.5-inch  hole  in 
1.0-inch  plate  material.  Figure  5-77  shows  one  of  the  1.0*inch 
thick  machined  specimens  after  boring  tests.  The  plate  was  also 
used  for  drilling  and  reaming  tests  discussed  in  the  next  section. 
Table  V-7  presents  the  boring  test  results  conducted  on  the  two 
test  plates.  The  data  developed  during  the  boring  test  is  rep¬ 
resentative  and  adequate  for  turning,  as  both  operations  employ 
the  same  cutting  principle. 


The  boring  test  results  reveal  that  100  SFM  for  roughing 
and  150  SFM  for  finishing  is  adequate.  Feed  rates  of  0.0075 
inch  per  revolution  (IPR)  for  rough  boring  and  0.005  IPR  for 
finishing  were  best  when  using  C-6  grade  carbide  throwaway  in¬ 
serts  with  positive  rake  angles. 


5.5. 1.3  Machine  Drilling  and  Reaming 


Drilling  and  reaming  tests  were  conducted  on  1.0-inch  thick, 
aged  10  Ni  steel  plate  material.  The  tests  were  performed  on  a 
power  feed  drill  press  in  the  MR&D  machining  center  using  Gulf 
HD51  water  soluble  coolant.  The  drills  tested  were  0.4846  diam¬ 
eter  oil  hole  types  of  HSS  and  cobalt.  The  C15002-4844  test 
drill  shown  in  Figure  5-78  is  a  20  degree  helix  type  cobalt 
normally  used  for  drilling  high  strength  steel.  The  C15013-4844 
test  drill  in  Figure  5-79  is  a  30  degree  helix  high  speed  steel 
type  normally  used  for  aluminum  and  mild  steel. 


Test  results  presented  in  Table  V-8  reveal  that  the  C15013- 
4844  30  degree  helix  HSS  drill  performed  better  than  the  C15002- 
4844  20  degree  helix  cobalt  drill,  except  for  tolerance  control. 
It  is  assumed  that  the  resulting  tolerance  is  adequate  to  allow 
for  subsequent  reaming  operations.  The  reaming  tests  proved 
that  the  C15481  (GD/FW  specification)  carbide  tipped  reamer 
(Figure  5-80)  performed  better  than  the  C15014  (GD/FW  speci¬ 
fication)  cobalt  reamer  (Figure  5-81)  for  producing  finished 
holes  in  10  Ni  steel. 
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Figure  5-80  C15481  CARBIDE  *'530:M  Figure  5-81  C15014  COBALT  REAMER 

TIPPED  REAMER 
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5. 5. 1.4  End  Milling 

Preliminary  end  milling  tests  were  performed  on  a  small 
test  block  of  10  Ni  steel  material  using  1  1/2-inch  diameter 
8  flute  HSS  end  mill  cutters.  (See  Figure  5-82.)  The  test 
consisted  of  multipasses  at  various  feeds  and  speeds  to  deter¬ 
mine  the  cutting  rate  for  milling  Group  II  detail  parts.  A 
1  1/2-inch  diameter  8  flute  30  degree  helix  end  mill  performed 
best  using  75  SFM  speed  and  0.002  inch  per  tooth  (IPT)  feed  at 
0.21  inch  depth  of  cut.  Test  cuts  at  0.35  inch  and  0.50-inch 
depth  of  cut  exceeded  the  125  microinch  surface  finish  require¬ 
ment.  The  preliminary  end  milling  data  was  used  to  establish 
machine  shop  milling  procedures  for  the  fabrication  of  the  large 
detail  parts  for  Group  II  production  verification  test  components 
Figure  5-83  is  a  profile  milling  operation  on  a  10  Ni  steel  part 
of  thin  flange  design.  Figure  5-84  is  an  end  milling  operation 
on  a  Lhi^k  10  Ni  steel  splice  plate  using  an  8-flute  2-inch 
diameter  end  mill  cutter. 


5. 5. 1.5  Skin  Milling 

Skin  milling  10  Ni  steel  represents  one  of  the  more  diffi¬ 
cult  metal  removal  operations.  The  difficulty  is  associated 
with  the  rapid  breakdown  of  the  cutter  edges  causing  high  machin¬ 
ing  stresses  and  the  subsequent  warpage  of  large  plate  material. 
Initial  face  milling  tests  were  conducted  using  negative  rake 
carbide  inserted  face  milling  cutters.  The  negative  rake  cutters 
produced  rapid  buildup  of  the  10  Ni  steel  on  the  cutter  edges 
causing  premature  cutter  failure  and  rough  surface  finishes. 
Positive  shear  angle  cutters  were  then  tested.  Initial  test 
data  using  positive  rake  carbide  inserted  face  mills  (Table  V-9) , 
proved  that  positive  shear  angle  cutters  perform  satisfactorily. 

A  round  throwaway  carbide  insert  (7  degrees  axial,  2  degrees 
radial)  face  milling  cutter  (Figure  5-85) ,  produced  best  results 
at  100  SFM  and  .004  feed  per  tooth.  This  cutter  was  used  for 
skin  milling  10  Ni  plate  stock  in  the  production  machine  shop 
during  fabrication  of  Group  II  production  verification  test  speci¬ 
mens  . 

5.5. 1.6  Flame  Cutting  10  Ni  Steel 

A  2  3/8  x  60  x  135  inches  10  Ni  steel  plate  was  flame  cut 
using  oxygen  and  Mapp  gas.  Fifty-eight  details  were  removed 
from  the  plate  using  the  Airco  automatic  tracing  flame  cutting 
machine.  The  plate  was  in  the  austenitized  and  quenched  con¬ 
dition  before  flame  cutting.  After  solution  treating,  the  plate 
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was  machined  on  both  sides;  therefore,  all  flame  cutting  was 
accomplished  on  clean  machine  cut  surfaces. 

Difficulty  was  encountered  in  the  initiation  of  the  cut. 

A  preheat  temperature  of  approximately  150°F  was  used.  This 
was  accomplished  by  allowing  the  cutting  torch  to  follow  the 
cutting  pattern  four  times  before  turning  on  the  cutting  oxygen. 
Occasional  blowout  at  the  cut  initiation  was  experienced.  The 
flame  would  cut  through  two- thirds  of  the  plate  and  then  expel 
the  molten  metal  at  90°  as  shown  in  Figure  5-86A.  It  was  found 
that  by  preheating  the  lower  edge  of  the  plate  with  a  manual 
torch  (Figure  5-86  B) ,  successful  cutting  starts  were  consistent¬ 
ly  achieved  without  blowouts.  When  good  cutting  starts  were  made 
no  problems  were  encountered  in  maintaining  the  cut. 

Manual  edge  preheating  was  used  on  long,  thin  details  at 
the  edge  of  the  plate  to  eliminate  warpage  from  cutting.  Two 
details  were  4  inches  wide  by  80  inches  long.  Because  of  mater¬ 
ial  limitation,  a  waster  strip  could  not  be  removed  to  equalize 
cutting  stresses.  The  preheating  technique  is  depicted  in  Fig¬ 
ure  5-86C. 

The  heat  affected  zone  obtained  on  the  2-3/8-inch  thick 
plate  is  shown  in  Figure  5-86D.  The  allowance  for  heat  affected 
zones  was  established  at  0.100-inch  per  inch  of  thickness.  How¬ 
ever,  other  plate  thicknesses  should  be  checked  in  the  same  man¬ 
ner,  if  a  significantly  different  cutting  speed  is  used. 

This  was  the  first  thick  plate  that  was  torch  cut  on  this 
program.  It  is  felt  that  further  improvements  can  be  made  in 
the  area  of  flame  cutting.  This  plate  was  cut  at  7  inches  per 
minut-e.  Satisfactory  cuts  were  achieved  at  this  speed,  there¬ 
fore,  no  other  speeds  were  evaluated.  The  1/2-inch  per  side 
cut  allowance  proved  to  be  adequate  and  assured  stock  clean  up 
around  90°  corners  and  profiled  shapes. 

It  is  recommended  that  plasma  arc  cutting  be  investigated 
for  use  on  thick  plates.  The  higher  velocity  of  the  cutting 
gases  may  overcome  the  edge  starting  problem  and  eliminate 
the  requirement  for  manual  preheating. 

5.5. 1.7  Stress  Relief  Test  on  Machined  10  Ni  Steel 


A  preliminary  stress  relief  test  was  conducted  on  a  machined 
10  Ni  steel  part.  The  purpose  of  this  test  was  twofold;  to  de¬ 
termine  if  appreciable  machining  stresses  were  retained  in  the 
part  and  to  determine  if  the  part  would  warp  when  subjected  to 
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stress  relief  temperatures.  The  part  shown  in  Figure  5-87  was 
free-state  stress  relieved  at  950°F  for  one  hour  and  dimensional 
changes  noted.  A  second  950  F  stress  relief  was  accomplished 
for  four  hours.  The  dimensional  changes  per  side  are  shown. 
These  readings  were  dial  indicated  and  the  net  change  by  loca¬ 
tion  is  given.  It  should  be  noted  that  although  only  0.002  inch 
movement  was  detected  on  this  part,  it  may  not  be  representative 
of  large  machined  wide  flanged  or  deep  pocketed  configurations. 
Subsequent  to  the  above  tests  an  engineering  specification  is 
being  published.  Since  the  age  temperature  was  established  at 
950  +  10°F  for  8  hotkrs,  the  post  stress  relieve  treatment  must 
heat  at  least  50°F  below  the  age  temperature  to  prevent  over¬ 
aging;  therefore,  stress  relieve  at  900°F  maximum.  The  producer 
indicates  that  such  a  stress  relief  will  not  affect  material 
properties . 


5.6  ASSEMBLY  OF  GROUP  II  PRODUCTION  VERIFICATION 

TEST  SPECIMENS 

5.6.1  603FTB052  L6wer  Lug  to  Rail  Splice  Assembly 

A  combination  assembly  and  drill  fixture  was  designed  and 
fabricated  to  accurately  locate  and  secure  all  detail  parts  for 
drill  and  ream  operations.  Two  fixtures  were  necessary,  one 
for  the  -A10  subassembly  (consisting  of  details  -31,  -15,  and 
-21)  and  another  for  the  -A1  assembly  (consisting  of  the  -A10 
subassembly  and  the  remaining  six  detail  parts).  Prior  to  de¬ 
sign  of  the  fixtures,  portable  tooling  kit  accessories  were 
selected  from  available  stock  to  eliminate  manufacture  of  special 
bushing,  nosepieces,  etc.  The  portable  equipment  power  kits 
were  altered  using  present  motor  kits  to  increase  torque  and 
reduce  spindle  speed. 

The  603FTB052-A10  subassembly  fixture  is  shown  in  Figure 
5-88.  Forty-nine  0.375  +  0.002/-0. 000-inch  diameter  holes  were 
drilled  and  reamed  using  the  subassembly  fixture.  The  detail 
parts  were  removed  from  the  fixture,  cleaned  and  deburred. 

FMS1043  sealant  was  applied  to  the  faying  surfaces  of  the  parts 
and  the  Hi-lok  fasteners  were  installed.  After  the  sealant  had 
cured,  the  Hi-lok  fasteners  were  removed  in  areas  of  interference 
with  other  bolts  and  for  fixture  clearance. 

The  603FTB052-A1  assembly  fixture  was  loaded  with  the  de¬ 
tail  parts  shown  in  Figure  5-89  plus  the  -A10  subassembly. 

Before  any  holes  were  drilled,  detail  part  locations  and  hole 
edge  distances  were  checked  and  detail  parts  were  securely 
clamped.  The  first  holes  drilled  were  selected  for  threaded 
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Figure  5-87  POST  STRESS  RELIEF  DIMENSIONAL  SURVEY 


tooling  pin  locations.  The  tooling  pins  clamped  the  fixture 
to  the  assembly  in  all  splice  and  end  locations.  Undersize 
holes  were  drilled  for  Taper-lok  bolts  in  128  places  in  the 
assembly.  All  holes  were  drilled  in  accordance  with  Process 
Standard  PS-22.02-6.  Figures  5-90  and  5-91  show  the  drilling 
operation  in  the  603FTB052-A1  assembly  fixture.  The  undersize 
holes  drilled  in  the  -A1  assembly  included  (58)  0.3594-inch 
diameter,  (20)  0.4844-inch  diameter  and  (50)  0.6094-inch  diam¬ 
eter  for  piloted  Taper-lok  rough  reamer  operations. 

The  -A1  assembly  fixture  was  disassembled  and  all  detail 
parts  were  removed  for  cleaning  and  deburr  operations.  Figures 
5-92  and  5-93  show  the  complete  assembly  after  undersize  holes 
were  drilled  and  the  fixture  removed.  After  final  deburr  and 
cleaning  operations  were  complete,  FMS1043  sealant  was  applied 
to  all  faying  surfaces  in  a  reassembly  sequence.  Close  toler¬ 
ance  tooling  pins  and  setup  bolts  were  installed  in  all  even 
number  holes.  All  setup  bolts  were  torqued,  the  sealant  allowed 
to  cold  flow,  and  all  belts  were  then  retorqued. 

After  final  sealant  cure,  the  assembly  was  reloaded  in 
the  assembly  fixture  for  Phase  X  taper-ream  operation.  Align¬ 
ment  was  maintained  using  tapered  tooling  pins  in  the  rough 
taper  reamed  holes  before  removing  the  undersize  tooling  pins. 
All  odd  numbered  holes  were  rough  taper  reamed  with  depth  con¬ 
trolled  pre-set  portable  tool  kits. 

The  drill  and  assembly  fixture  was  removed  from  the  assem¬ 
bly  and  final  hole  preparation  was  made  on  all  open  holes.  This 
included  multiflute  reaming  for  proper  hole  finish,  maintaining 
the  correct  head  protrusion.  After  final  inspection  on  the 
Phase  1  holes,  the  taper-lok  bolts  were  installed.  Prior  to 
bolt  installation,  all  bolts  were  cetyl  alcohol  coated.  All 
of  the  bolts  were  torqued  to  maintain  M2 63  Engineering  Standard. 

Phase  2  hole  preparation  and  bolt  installation  was  made 
identical  to  the  phase  1  operation  sequence.  Figures  5-94  and 
5-95  show  the  603FTB052  final  assembly  ready  for  instrumentation 
and  test. 

5.6.2  603FTB053  Lower  Plate  Centerline  Splice  Assembly 

A  drill  plate  was  designed  and  fabricated  for  drilling  and 
rough  taper  reaming  twenty-five  holes  for  5/8-inch  diameter 
taper-lok  fasteners.  The  drill  plat  included  locators  for  the 
splice  plates  and  provisions  to  control  the  gap  between  the 
lower  plates.  Straight  and  taper  tooling  pins  were  also  fur- 
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nished  since  the  drill  plate  was  moved  from  upper  to  lower  sur¬ 
face  several  times  during  the  drilling  and  reaming  operations. 

The  portable  equipment  kits  and  all  accessories  were  identical 
to  the  ones  used  on  the.  603FTB052  assembly. 

The  drill  plate  was  located  on  the  assembled  603FTB053 
details,  rigidly  secured,  using  large  C-clamps.  Inspection 
before  any  holes  were  drilled  disclosed  voids  or  gaps  between 
the  detail  parts  caused  by  accumulative  tolerances  in  the  lap 
splice  design.  FMS1048  liquid  shim  was  applied  to  the  splice 
plates  to  compensate  for  this  mismatch.  The  four  comer  holes 
were  then  drilled.  Threaded  tooling  pins  were  installed  to 
secure  the  drill  plate  to  the  assembly  and  the  remaining  seven 
holes  were  drilled  through  the  upper  surface. 

Close  tolerance  set-up  bolts  were  installed  in  the  assembly 
at  four  locations  and  the  drill  plate  repositioned  on  the  lower 
surface  using  tooling  pins  in  the  same  holes  to  secure  the  drill 
plate.  Fourteen  holes  were  then  drilled  in  the  lower  surface 
and  fit  detail  parts  were  marked  to  assure  correct  reassembly. 

The  drill  plate  was  removed  and  the  assembly  was  disassem¬ 
bled  for  cleaning  and  deburr  rug .  FMS1048  liquid  shim  was  applied 

to  the  faying  surfaces  of  the  splice  plates  and  parting  agent 
applied  to  the  lower  plates  at  the  splice  areas.  The  reassembly 
sequence  was  made  using  twenty-five  close  tolerance  set-up  bolts 
torqued  from  center  to  outer  edge  to  allow  excess  liquid  shim  to 
squeeze  out.  Final  torque  was  made  in  one  hour.  After  liquid 
shim  cure,  the  parts  were  disassembled  again  for  removal  of  the 
parting  agent  and  final  cleaning  for  FMS1043  sealant.  Figure 
5-96  shows  detail  parts  ready  for  sealant  application. 

FMS1043  sealant  was  applied  to  all  faying  surfaces  and  fin¬ 
al  assembly  of  the  603FTB053  was  made  uaing  set-up  bolts  in  all 
odd  numbered  holes.  The  set-up  bolts  were  retorqued  and  the 
sealant  allowed  to  cure.  All  locators  were  removed  from  the 
drill  plate  for  ease  of  locating  and  to  reduce  weight.  Figure 
5-97  shows  the  drill  plate  and  the  portable  equipment  kit  used 
for  Phase  1  rough  taper  reaming.  All  open  holes  were  power 
reamed  from  the  upper  and  lower  surfaces  and  the  drill  plate 
removed,.  Phase  1  h^les  were  final  reamed  and  taper-lok  bolts 
were  installed. 

Set-up  bolts  were  removed  from  the  ;ven  numbered  holes  and 
Phase  2  roug^  taper  reaming,  final  carbide  reaming  and  bolt  in¬ 
stallation  was  made  in  the  same  sequence  as  for  Phase  ! ,  Hole 
preparation  and  bolt  installation  was  made  in  accordance  with 
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M263  Engineering  specification.  Figure  5-98  shows  the  completed 
6G3FTB053-2  assembly. 

5.6.3  603FTB035  Brazed  Lower  Plate  Assembly 

A  one-piece  picture  frame  drill  plate  was  designed  and 
fabricated  for  drilling  and  rough  reaming  the  twelve  5/8-inch 
diameter  taper  holes  in  the  brazed  assembly.  The  fixture 
attached  to  four  corner  bolt  holes  used  for  mounting  the  sup¬ 
port  lugs.  All  twelve  holes  were  drilled  and  power  reamed  com¬ 
plete,  without  removing  the  fixture,  since  no  deburr  or  sealant 
operations  were  required.  The  drill  plate  was  then  removed  and 
the  final  carbide  reaming  was  completed  in  all  twelve  holes. 

The  hole  finish  and  protrusion  was  verified  by  Quality  Control. 
The  twelve  taper-lok  bolts  were  installed  and  torqued  per  M263 
Engineering  specification. 

The  end  lugs  were  attached  with  straight  shank  bolts  in 
matched  hole  patterns  that  were  drilled  in  the  detail  parts 
using  a  N/C  tape  controlled  American  drill  press.  The  assem¬ 
bled  603FTB035  is  shown  in  Figure  5-99  prior  to  boring  the 
test  fixture  attach  holes. 


5.7  MACHINING  OF  603FTB043  UPPER  COVER 
GROUP  II  TEST  SPECIMEN 

The  603FTB043  test  specimen  was  numerically  control  (N/C) 
machined  from  a  6A1-4V  beta  annealed  titanium  billet.  Excess 
material  was  face  milled  from  all  surfaces  of  the  billet  and 
starter  hc^es  drilled  in  the  pocket  areas  prior  to  N/C  machin¬ 
ing.  Figure  5-100  shows  the  part  completely  machined  except 
for  tooling  tab  removal. 

Pocket  milling  starter  holes  (2. 5- inch  diameter  by  3.170- 
inch  depth)  were  N/C  drilled  on  an  American  radial  arm  drill 
press.  A  2.5-inch  diameter  spade  drill  was  operated  at  31  RPM 
and  a  feed  rate  of  .004  inch  per  revolution. 

Milling  was  accomplished  on  an  Onsrud  N/C  milling  machine. 
Surface  material  was  removed  using  a  6-inch  diameter  face  mill 
with  6  inserted  carbide  teeth.  Feed’s  and  speeds  were  50  RPM 
(80  SFM)  2.0-IPM  feed  rate  and  0.0065-inch  feed  per  tooth.  The 
pockets  were  profiled  with  8-flute,  2-incu  diameter  end  mills. 
Feeds  and  speeds  were  100  RPM  (52  SFM),  3.5-IPM  feed,  and  0.0044- 
inch  feed  per  tooth. 


5-103 


worn®?. 


Cutter  life  was  reduced  approximately  20  percent  in  machin¬ 
ing  the  beta  annealed  6A1-4V  titanium  as  compared  to  convention¬ 
ally  annealed  material. 
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tegral  Lug  (FSIL)  and  "No-Box"  Box  (NBB).  An  updated  baseline  data  package  was  re¬ 
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line  requirements. 
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has  started.  Manufacture  of  the  simulated  fuselage  structure  has  also  begun. 

The  NBB  configuration  which  utilizes  the  outstanding  fracture  toughness  and  good 
crack  growth  characteristics  of  lONi  steel  has  been  selected  for  manufacture  in 
Phase  III. 
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